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beginning of the next may, therefore, be considered a period of readjust- 
ment and rest for the internal organs. The required period of rest will, 
no doubt, vary in individual cases depending on many factors. Never- 
theless, it is important to inquire whether there is an average optimum 
interval between successive births which contributes to the better health 
of the mother and to the more satisfactory gestation and successful 
completion of a subsequent birth. 

Reference to this problem was first made in the Children’s Bureau 
studies on Infant Mortality conducted in eight cities during the period 
1916-1920. In two of these cities—Gary, Indiana and Baltimore, Mary- 
land—infant mortality rates were determined by interval from the pre- 
vious birth. The study in Gary, Indiana, based on 1,135 births and re- 


* From the Tuberculosis Control Division, U. S. Public Health Service, 
Bethesda, Maryland. 


== HE physiological changes which occur in the female during 
= 4) pregnancy and parturition are more intense than those which 
==> } take place during any other normal period of life. The time 
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ported by Hughes (1), shows that the infant mortality rate was high 
" (169.1) when birth occurred at less than 15 months after a previous 
; birth, and was lowest (102.8) when the interval was 24 months or 
q 


longer. 
A more comprehensive report was published by Woodbury (2) on 
4 a study based on 7,882 births in Baltimore. Woodbury shows that the 
infant mortality rate was highest (146.7) when the interval was less 
: than 2 years, it dropped to 98.6 when the interval was between 2 and 3 
( years, to 86.5 for an interval of between 3 and 4 years, and to 84.9 when 
; the interval was more than 4 years." 

Eastman (3) recently reported the results of an interesting study 
based on 5,158 births which occurred consecutively on the obstetric 
service of the Johns Hopkins Hospital during the period 1936-1943. 
Not only are the rates of stillbirth and neonatal mortality according to 
interval ‘from previous birth reported in this study, but also the incidence 
of prematurity and certain complications of pregnancy and delivery. 
Dividing the births into four interval groups: “very brief” (12 months 
or less), “brief” (13-24 months), “moderate” (25-48 months), and 
“long” (more than 48 months), Eastman concludes that, with the ex- 
ception of the “very brief” group for which the rate is very high, the 
interval between births does not materially affect the welfare of mother 
and infant. 

Eastman made an important contribution to methodology in studies 
of this nature by calling attention to the operation of a certain time ele- 
ment which may lead to erroneous conclusions in the evaluation of the 
rates in the “very brief” interval group. The effect of this time element 
may be seen from the following consideration. 

A full term infant born in less than one year after a previous birth 
could only have been conceived during the second? or third month after 
the last birth; but a premature infant could be born within an interval 
of less than one year if it were conceived during the second, third, 
fourth, or fifth months post partum. Consequently, the full term births 
conceived during the fourth or fifth month are counted with the “brief” 


* Woodbury obtained his information in regard to interval by subtracting the 
age of mother (in even years) at the time of her previous birth from her age at 
the current birth. The length of the interval obtained in this manner is not exact. 

* There are known cases in which conception occurred during the first month 
post partum but such cases are rare. 
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interval group, while the premature births conceived in these months 
are counted with the “very brief” group. Since the mortality among 
prematures is more than ten times that among full term infants, the 
calculated stillbirth and neonatal mortality rates for the “very brief” 
group greatly overstate the true rates. In any direct study on this sub- 
ject it is important, therefore, to calculate the time interval (preferably 
in months) from the termination of one pregnancy to the beginning of 
the next, and not between two consecutive births. The rates should be 
based on the births that were conceived within a given time interval after 
a previous birth. 

Because of certain limitations in the data, none of the three studies 
mentioned above may be considered conclusive. In the first place, the 
numbers on which they are based are not sufficiently large to take into 
account two very important factors: parity and age of mother at time 
of birth. It is well known (3, 4, 5) that the infant mortality rate, the 
stillbirth rate, incidence of premature birth, and many of the complica- 
tions of pregnancy and delivery are greatly affected by these two factors. 
Since the interval between births is closely related to parity and age of 
mother, it is impossible to determine whether the variation in the dif- 
ferent rates is due to the effect of interval between births or to the other 
two factors. In addition, the studies of Woodbury and Hughes relate 
to the situation as it existed more than a quarter of a century ago. 
Their results may not necessarily reflect the current situation in view of 
the progress in obstetric practices and techniques. 

Because of these and other limitations it cannot be concluded that 
Eastman’s results contradict those of the other two authors. Eastman’s 
conclusion that the interval exerts little effect on the different rates is 
based primarily on the fact that in most of his tables the lowest rates 
were recorded for the “brief” interval group (13-24 months). This, 
however, may only be apparent and result from the operation of the 
time element described above. If this time element is responsible for 
the inclusion in the “very brief” interval group of an extra number 
of premature births which should be counted with the cohort of births 
occurring at 13 and 14 months after the last birth, then, by the same 
token, the “brief” interval group would be short that number of pre- 
mature births. In other words, the time element operates in such a way 
as to overstate the rate of the “very brief” interval group and to under- 
state that of the “brief” interval group. If the “very brief” and the 
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“brief” interval groups are combined, the effect of the time element is 
eliminated, and Eastman’s results become more comparable to those of 
Woodbury. 

A more important consideration in the evaluation of Eastman’s ma- 
terial is that data from a single hospital in a community may not be the 
best suited for this type of investigation. Much depends on the admission 
policies of the hospital. In the ward services of a number of hospitals, 
for example, priorities are given to primiparae, and multiparae are 
selected for admission on the basis of complications during the pre- 
natal period or in previous deliveries. Even in the private service there 
is a certain selection of cases resulting from the composition of the 
consulting staff. If that staff contains a large proportion of the leading 
obstetricians in the community, this service will receive a number of 
difficult cases which have been referred to the members of the staff be- 
cause of previous complications in pregnancy and childbirth. Such ad- 
mission policies obviously bias the results on the effect of interval be- 
cause the births will not represent a random sample of all the births in 
the community. 

This does not imply that a study on the interval between births 
cannot be based on hospital material. On the contrary, the only source 
of good material must come from hospital records. However, it must 
be based on the experience of all the hospitals in a community and the 
community must be such that a very large proportion of all births 
occur in hospitals. Preferably such a study should be made in a large 
city so that a sufficiently large number of births will be available to 
permit study of the effect of interval between births in each of the 
different parity and age of mother groups. 

Lacking data available only through such an elaborate study, it be- 
comes necessary in the investigation of this problem to make use of in- 
direct methods of study. Eastman attempted to supplement his main 
study by such an indirect investigation based on data from the Johns 
Hopkins Hospital. However, because of the small number of cases 
available in the crucial groups no definite conclusions could be drawn. 
Fortunately, the Bureau of the Census publishes statistics on births and 
stillbirths for the entire country (6) which make possible an indirect 
study of the effect of interval between births based on almost a limitless 
number of cases. 

It is the object of this analysis to investigate in greater detail the 
theoretical aspects involved in such an indirect study and to illustrate 
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by this method the effect of interval between successive births on the 
stillbirth rate. In subsequent papers this material will be supplemented 
with more detailed information available from recorded births in New 
York State. 


MATERIAL AND METHOD 


This study is based on tabulations of all the births and the stillbirths 
that occurred in the United States in the five-year period 1937-1941 
classified according to age of mother and order of birth (parity).* From 
these tabulations are obtained stillbirth rates (the number of stillbirths 
per 1,000 total births) for each of the subclassifications of the births ac- 
cording to order of birth and age of mother. 

The basic consideration in the indirect method of study is the fact 
that in general the interval between births for women of the same age 
decreases with increasing parity. For example, women in the 20-24 
year age group who are being delivered of their sixth birth had had their 
births at closer intervals than women of the same age group who had 
had previously only 2, 3, or 4 births. It is, therefore, possible to in- 
vestigate the effect of the interval between births by a detailed study 
of the stillbirth rates according to order of birth and age of mother. 

The reasoning involved is probably best illustrated by the following 
example. The stillbirth rate for infants of women aged 15-19 years 
was 30.1 for second births, and 100.6 for fifth births. Thus, the still- 
birth rate for fifth births for this age group was higher than the rate 
for second births by 234 percent. This fact in itself yields little if any 
information on the interval between births since the increase of the 
rate for fifth births may be due entirely to the parity factor. However, 
during the same period the stillbirth rate for all second births (all ages 
of mother) was 22.2 and the rate for all fifth births was 34.7, an in- 
crease of only 56 percent. Moreover, the respective rates for second and 
fifth births to mothers aged 35-39 were 35.2 and 40.5, an increase for 


* There is a slight difference between “parity” as determined by the Bureau of 
the Census tabulations according to “order of birth” and the usually employed 
term. Parity refers to the number of previous deliveries of viable offspring. From 
the information on the birth certificate it is only possible to determine the number 
of previous viable infants born to the mother. However, since multiple deliveries 
constitute less than one percent of all deliveries, the discrepancy between the 
two definitions is slight and in this paper the two terms will be used interchange- 
ably. 
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fifth over second births of only 15 percent. It is seen, therefore, that 
the extra risk of stillbirth for fifth births as compared with second births 
is not of the same magnitude in the different age of mother groups. It 
is, of course, obvious that the interval patterns are very different in these 
age groups. Women aged 35-39 years with five births have had these 
births spaced at moderate intervals while the average interval for women 
aged 15-19 years of para 5 was very short. Conversely, the average in- 
terval for the older mothers who had had only 2 births may be too long. 
Even this simple analysis indicates, therefore, that the stillbirth rate 
is related to interval between births; the rate may be high when the 
interval is either relatively short or relatively long. 

This illustration indicates in general the method of approach in this 
indirect study. Briefly, it consists of a comparison of the manner in 
which the stillbirth rates vary with order of birth in one age of mother 
group with that in another age group. A refinement of this basic pro- 
cedure is accomplished by determining “expected” stillbirth rates for the 
different subgroupings of the births on the assumption that interval be- 
tween births does not affect the stillbirth rate. Comparison between 
the observed and the “expected” rates in the different classifications in- 
dicates the strength of the effect of interval between births and brings 
it into sharper focus. 

In order to obtain these “expected” rates it is first necessary to de- 
termine the individual effects of order of birth and of age of mother on 
the stillbirth rate. As a first approximation it may be said that the still- 
birth rates by order of birth obtained from the entire group of births 
(all ages of mother) afford a measure of the effect of order of birth. 
Similarly, the stillbirth rates according to age of mother for the births 
of all parities provide indices for the age of mother factor. However, 
this is not absolutely correct because of the very strong correlation be- 
tween order of birth and age of mother. This correlation tends to over- 
state the extra risks of the high parities and of the older mothers. In 
other words, the high stillbirth rates for infants of high parity are not 
due entirely to the parity factor but result also from the fact that moth- 
ers of high parity are in the older age groups. It therefore becomes 
necessary to determine the effect of each of these factors independently 
of the effect of the other. This is accomplished by a method of stand- 
ardization which isolates the two factors and measures the relative in- 
fluence of one of the factors when the effect of the other has been 
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eliminated. The actual operation of the method will be illustrated in 
another section of this paper. 

It is important to bear in mind that in the indirect method of study 
the actual length of interval between the current and preceding birth 
is not available but is obtained through an averaging process. While it 
is true, for example, that the average woman aged 35-39 years bearing 
her fifth child has had moderate intervals between births, this would 
not invariably be the case. Included among the mothers in this group 
are some who may have married late and had their births at very short 
intervals, and others who may have married relatively early and had 
their births at relatively long intervals. It can only be said that on the 
average, women in this group have had their births at more moderate 
intervals than women in the same age group who had more than five 
births. Consequently, the analysis is not absolute but relative and con- 
fined to a comparison of the variation of one group with that of another. 

A second major consideration is that this method of study measures 
not the effect of one single interval but the combined effects of the in- 
terval patterns in the total previous reproductive history of the mother. 
For example, the excess risk of a fifth birth of a woman in the 15-19 
year age group as compared to a second birth in that same age group 
is not due only to a short interval between the fourth and fifth births 
but to an accumulative effect of the very short intervals between all her 


births. The effect of the interval between the current and preceding 
births can only be seen in the analysis of births of the second order. 

It is also unfortunate that the tabulations of the Bureau of the 
Census are given in five-year age groups rather than in single years. 
Since the optimum interval is apparently shorter than five years, the 
births of a five-year age group overlap and diffuse the effects of several 
intervals. 


EFFECT OF THE INTERVAL BETWEEN BIRTHS ON THE STILLBIRTH RATE 


The underlying conditions leading to the death of an infant in utero 
or shortly after birth are largely congenital in nature and are closely 
related to the health of the mother during the prenatal period. In ad- 
dition, the stillbirth rate is less affected by external environmental con- 
ditions than the infant mortality rate. The stillbirth rate may thus be 
assumed to afford a crude measure of the health status of the mother 
during pregnancy and of her ability to provide an adequate environ- 
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ment for the satisfactory gestation of the fetus. It may, therefore, be 
considered among the better indices for the study of the effect of in- 
terval between births on the health of mother and infant. Its main 
limitation is that the reporting of stillbirths may not be as complete 
and as accurate as other vital statistics indices. However, incomplete- 
ness of stillbirth registration is probably not selective for the factors 
of order of birth and age of mother. Therefore, although the level of 
the stillbirth rate may be understated, the relative variation of the rate 
according to the factors which are pertinent to this investigation are 
probably not greatly affected. 

Tabulations showing the distribution of births in the country accord- 
ing to age of mother at time of birth and according to the number of the 
child in the order of birth describe the different patterns of fertility 
experienced by different groups of the population.* These tabulations 
may therefore be viewed as providing records of a natural human experi- 
ment of tremendous scope and including a multitude of factors as- 
sociated with reproduction. The stillbirth rate may be considered a use- 
ful index in measuring the degree of success of the different fertility 
patterns. 

In Table 1 are assembled tabulations of births in the United States 
for the five-year period 1937-1941. Since this study relates to interval 
between births, only births to multiparae need be considered. In ad- 


dition, births to mothers under 15 years or over 45 years of age have . 


been eliminated since the numbers involved in these age groups are re- 
latively small. This study is therefore based on all births of order 2 and 
over to mothers of ages 15 to 44 inclusive for which birth order and 
age of mother are known. There were 7,151,631 such births in the five- 
year period 1937-1941 of which 211,079 were stillbirths. The stillbirth 
rate for this group of births of order 2 and over was 29.5 per 1,000 
total births (live births and stillbirths). 

The variation of the stillbirth rate with order of birth is very marked. 
The rate increased continuously from a minimum of 22.2 for second 
births to a maximum of 115.9 for births of order 15 and over, an aver- 

* age increase of approximately 6 points for each birth order. The varia- 


* In this connection, it does not follow that child spacing necessarily implies 
a reduction in the birth rate (see Eastman, 7). Reproductive life of women 
extends over a period of approximately 32 years. This period is sufficiently 
long to allow moderate intervals between births even if allowance is made for 


considerable delay in age at marriage. 


TABLE 1 


Stillbirth rates by order of birth and age of mother 
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tion of the rate by age of mother is also very distinct. The rate was 
at the relatively high level of 33.7 for infants of mothers aged 15-19 
years. It was at a minimum of 23.3 for ages 20-24 years, and increased 
thereafter with age of mother to 56.2 in the 40-44 years age group. 

The first indication of the effect of interval between births on the 
stillbirth rate may be seen from a review of the different columns of 
the table of rates. These show that the minimum rates for the different 
birth orders (the rates that are underscored in Table 1) do not occur in 
the same age group. Instead, the best rates appear at increasingly older 
age groups with increasing parity. The lowest rates among second births, 
for example, are found for mothers in the age group 20-24, for third, 
fourth, and fifth births the lowest rates are registered in the age group 
25-29 years. For the births of orders 6, 7, and 8 the minimum rates 
are at ages 30-34 years. For birth orders 9, 10, and i1 the optimum 
rates occur in the age group 35-39 years. For birth orders higher than 
11 the best rates prevail among infants of the oldest mothers.° 

This shifting of the optimum rate from one age group to the next 
is even more striking than the statement just made. It will be remem- 
bered that the rates are available only in five-year age groups. Con- 
sequently, it is not surprising to find the minimum rates in the same 
five-year age group for a set of three parity groups. If data were avail- 
able for single years it is very likely that each parity would have its 
own optimum age.*® 


* Incidentally, it may be instructive to view this shifting with age of mother 
of the optimum rate, in light of Eastman’s statement that “for the best maternal 
and fetal outlook we are inclined to believe that youth is a better ally than child 
spacing.” Not only do the minimum rates for the various parities occur at in- 
creasingly older age groups but they do not occur at the youngest age group for 
any of the parity groups. Even among second births the best rates do not occur 
at ages 15-19 but at ages 20-24, and for infants of order 12 and over the best 
rates are actually for those of the oldest mothers. 

* In fact, it may be observed that although the minimum rate for a set of three 
parity groups occurs in the same age group, there is a continuous increase in the 
difference between the rate in that age group and the rate of the immediately preced- 
ing age group with increasing parity in the same set. For example, although the 
minimum rates for para 3, 4, and § all occur in the age group 25-29, the minimum 
rate for para 3 (22.6) is only slightly lower than that of age group 20-24 (23.8) ; 
for para 4 the rate (25.7) is considerably below that for age group 20-24 (30.8). 
For para 5 the difference becomes even greater, the rate for age group 25-29 
being 29.0 compared to 41.4 for age group 20-24. It is indicated therefore that 
for each parity the stillbirth rate is at a minimum for a specific age of mother and 
that the age increases regularly and continuously with each increase in parity. 
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Fic. 1. Rates By AGE oF Morner ror Orper or AND 
For Birtus or Att Parities, BirtHs To ALL MULTIPARAE 15-44 YEARS OF 
Ace, Unitep STATES 1937-41 


Note that the curves are not parallel indicating that for each order of birth 
the increase in the rate is relatively greater in the younger than in the older ages. 
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An over-all view of the data in Table 1 and its general implication 
relative to the effect of the interval may be obtained from Fig. 1. This 
presents individual curves for each order of birth showing the variation 
of the stillbirth rate with age of mother. In addition, the curve show- 
ing the variation of the stillbirth rates with age of mother for total 
births (all parities) is shown (dotted curve). It is immediately obvious 
that the effect of age on the stillbirth rate is different for the different 
parities. 

If the interval between births had no appreciable effect on the level 
of the stillbirth rate, these curves would be approximately parallel on 
a semi-logarithmic scale since the increase in the rate for one parity 
over another might be expected to be proportionate for the different 
age groups.’ For example, it may be seen that the curve for third births 
lies entirely above that for second births. This is due to the fact that 
the stillbirth rate for third births is higher than that for second births. If 
interval between births played no role, it might be expected that the in- 
crease in the rate for third over second births would be relatively as 
great for infants of mothers aged 15-19 as for those of mothers 20-24 
or for any other age group. This would result in the curve for third 
births lying above that for second births but parallel to it on a semi- 
logarithmic scale. It is seen in Fig. 1 that the curves are not at all 
parallel. Instead, in each order of birth the increase in the younger 
ages is much greater than that in the older ages. It is therefore indicated 
that in each parity there is an extra risk associated with brief intervals 
between births. 

The data in Table 1 may also be viewed by following the rates by 
order of birth in the different age of mother groups (see Fig. 2). Here 
again it would be expected, if interval had no effect, that the curves 
would be parallel to each other and to the curve for all ages (dotted 
curve). Actually, the departure from parallelism is even more marked 
in these curves than in those of Fig. 1. The curves for the younger 
age groups rise sharply with parity, while those for the older age groups 


* Eastman in his indirect study puts a stronger condition on the curves. He re- 
quires that they be parallel on an arithmetic scale. This requires an absolute con- 
stant increase in the rate for the different age groups. Even if interval played no 
role, the absolute increase from a low rate cannot be expected to be as large as the 
increase from a relatively high rate. All that could be expected is that the relative 
increase be the same for the different age groups. Two curves that are parallel 
on a semi-logarithmic scale fulfill this requirement. 
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Fic. 2. Rates By Orver or ror Eacu 5-Year Ace Group 
oF MOTHER AND For BirtHs or Att Aces, Birrus To ALL MULTIPARAE 15-44 
Years or Ace, UNrTED STATES 1937-41 


Note that while in the younger groups the rate increases sharply with order of 
birth, in the older age groups the variation with order of birth is slight. 
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exhibit practically no variation in the low parities and only slight in- 
creases at the high parities. For example, the curve for ages 40-44 
presents a nearly horizontal line until para 10 is -eached. This may 
be explained on the assumption that the extra risk of the higher 
parities are compensated to a great extent by extra risks associated 
with long intervals of the lower parities. Mothers aged 40-44 years 
of para 2, 3, or 4 had their births at relatively long intervals apart. 
This apparently raises the rate to such an extent that although the 
risks at paras 5 to 10 are generally greater than those of the lower 
parities, the stillbirth rates for paras 5 to 10 are not higher, because 
these births occurred at moderate intervals. When the very high 
parities are reached, however, the short interval comes into play and 
together with the extra risk associated with these high parities re- 
sults in a rise in the curve. 

The data of Table 1 may be used in yet another way to show 
the effect of interval between births on the stillbirth rate. This may 
be accomplished by contrasting the stillbirth rate by parity for each 
age group with two control groups, one consisting of all births 
to mothers younger than those in the specific age group and one 
composed of births to mothers who are older. The differences in 
the rates according to parity become very instructive (see Table 
2 and Fig. 3). In addition to the lack of parallelism, the relative 
positions of the three curves of each set furnish further informa- 
tion on the effect of both the short and long interval on the still- 
birth rate. Starting with the first set the curve for the younger mothers 
is far above that for the age group under consideration, but as the age 
group increases the two curves come closer together, and at such parity 
groups for which the interval in the younger group is moderate its 
curve falls below that of the specific age group. Conversely, the curve 
for the older mothers starts below that for the specific age group, but 
as the age group increases, the curve for the older mothers lies above 
that for the specific age group for an increasing number of parity 
groups. Here, the effect of the long interval is more in evidence. 

It is important to note in these curves that age, in itself, is not the 
sole controlling factor in determining the level of the stillbirth rate. 
Although the rate generally increases with age, the curve for the older 
mothers in the first set is lower than any of the others. Again, al- 
though age group 20-24 is the most favorable as judged by the rate 
for all births, it appears favorable in these curves only for paras 2 and 
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SPECIFIC AGE GROUP 
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Fic. 3. Rates sy Orper or BirtH AND AGE oF MOTHER IN 5-YEAR 
AcE Groups, AND IN 5-YEAR Ace Group ror BirtHs TO MorHEeRs WHO 
Are YOUNGER AND Oper. BirtHs To ALL MULTIPARAE 15-44 YEARS OF AGE, 
UniTep STATES 1937-41 
Note the shifting of the relative positions of the three curves (see text). 


3. Beginning with para 4 the rates are increasingly higher than those 
for infants of mothers older than 20-24 years. 
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From the foregoing analysis, crude as it is, it is apparent that the 
interval between births exerts a strong influence on the stillbirth rate. 
The effect is such as to increase the rate when the interval is short 
or long. It therefore seems worthwhile to attempt to bring these facts 
out more clearly by more refined analysis. This consists of determin- 
ing for each order of birth and age of mother group the stillbirth rate 
that might be expected on the assumption that interval between births 
does not affect the level of the stillbirth rate. This will be attempted 
in the next section. 


EXPECTED AND OBSERVED STILLBIRTH RATES 


Reference has already been made in the previous discussion that 
if the interval between births were not related to the stillbirth rate 
then the variation of the rate by age of mother would be similar for all 
parities. The level of the rate would, under this assumption, be deter- 
mined by the factors of parity and age of mother. If the individual 
effects of each of these two factors were known, it would be possible 
to construct theoretical rates for each of the classifications of the births 
according to order of birth and age of mother which would have operat- 
ed if the interval exerted no influence at all. Such rates could be com- 
pared with the actual rates for an evaluation of the effect of interval be- 
tween births. 

As a first approximation in determining the effect of parity, the 
rates by order of birth for the entire group of births may be considered. 
Similarly, the variation of the rates by age of mother for the entire 
group of births may be viewed as representing the strength of the 
age of mother factor. The general form of these two sets of rates may 
be seen from the dotted curves in Figs. 1 and 2. Thus, the effect of 
order of birth is presented by a sharply increasing curve from a mini- 
mum for second births to very high rates for births of order 15 and 
over. The curve presenting the influence of the age of mother factor 
is U-shaped with relatively high rates for the young ages, minimum 
rates for ages 20-24 years, and high rates again for the older ages. 
However, these curves in themselves are composite and result from the 
combined operation of the two factors. In other words, the form of the 
curve by order of birth is not due entirely to the order of birth factor. 
It is also influenced to a great extent by age of mother because the two 
factors are very closely correlated. Births of high parity are also in 
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general those in which the mother is in the older age groups, and the 
mothers of the low parities are in general in the younger age groups. 
It therefore becomes necessary to disentangle the two factors and to 
determine the effect of one after the effect of the other has been eliminat- 
ed. This may be accomplished by a method of standardization known as 
“Westergaard’s Method of Expected Deaths” (8). This method may 
be described briefly as follows. 

In each of the parity groups it is possible to determine the number 
of stillbirths which may be expected to occur only as a result of the dis- 
tribution of the births by age of mother characteristic of that parity. 
This expected number is obtained by applying the total rates by age of 
mother to the births in the specific parity. This number of stillbirths is 
therefore the resultant of the distribution of the births according to age 
of mother if parity did not affect the rate. Comparison with the actual 
number of stillbirths for that parity indicates the effect of parity which 
is independent of the age factor. If the observed number is greater 
than the expected, the specific parity affects adversely the stillbirth rate. 
If it is lower, it may be concluded that the parity itself is a favorable one 
and the reason for the observed high rate is the unfavorable distribution 
of births according to age of mother. 

The procedure yields a quantitative expression of the relative risks 
of the different parity groups. For example, if the observed number 
of stillbirths among births of order 8 is 18 percent higher than the ex- 
pected number, then it can be stated that the effect of para 8 is to raise 
the stillbirth rate by 18 percent and this increase is due entirely to the 
parity factor and not to the fact that mothers of para 8 are relatively 
old. The actual operation of the procedure is demonstrated in the fol- 
lowing : 

In column 3 of Table 3 are shown the 206,810 births of para 8 dis- 
tributed according to age of mother at time of birth. In column 2 are 
shown the corresponding rates for each age group which were operat- 
ing on the entire group of births (all parities). Each of the numbers 
in column 3 is multiplied by the corresponding rate from column 2. This 
yields the number of stillbirths to be expected in each age group on the 
assumption that parity had no effect on the stillbirth rate. For example, 
if the 2,200 births in the age group 20-24 years were selected at random 
from among all the births to mothers aged 20-24 years they would be 
exposed to a stillbirth rate of 23.3. Therefore, 51 stillbirths would occur 

in this group. Similarly, the 25,015 births in the age group 25-29 years 
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would be exposed to a stillbirth rate of 24.5 on the basis of age of moth- 
er, and consequently 613 stillbirths would occur in that group. The 
same procedure is applied to each one of the age groups to obtain the 


TABLE 3 


Illustrative example of the determination of the number of stillbirths for births 
of para 8 “expected” from the characteristic distribution of these births 
according to age of mother (See text.) 


STILLBIRTH RATES EXPECTED STILL- 
FOR BIRTHS TO NUMBER OF BIRTHS RESULTING OBSERVED RATIO OF 
AGE OF MOTHERS OF ALL BIRTHS OF PARA FROM THE AGE STILLBIRTHS OBSERVED TO 
MOTHER PARITIES 8 DISTRIBUTION EXPECTED 


Total 206,810 7,762 9,137 1.177 
20-24 23.3 2,200 51 244 4-783 
25-29 24.5 25,015 613 1,310 2.137 
30-34 30.4 73,670 2,240 2,902 1.297 
35-39 42.0 77,322 3,248 3,180 0.979 
40-44 56.3 28,603 1,610 1,501 0.932 


expected number of stillbirths shown in column 4. When these expect- 
ed stillbirths are summed it is found that a total of 7,762 stillbirths may 
be expected to occur among the 206,810 births if order of birth had no 
effect on the stillbirth rate. 

In column 5 are shown the number of stillbirths which actually oc- 
curred in each age group. These add to 9,137. It can therefore be con- 
cluded that births of order 8 are exposed to an extra risk of stillbirth 
which is greater than that of the average rate and that this extra risk is 
over and above that which may be expected from the fact that births of 
order 8 occur to mothers generally older than the entire group of moth- 
ers. Furthermore, a quantitative expression of this extra risk is obtained 
by dividing the observed number of stillbirths (9,137) by the expected 
number (7,762). This gives a ratio of 1.177. It can therefore be said 
that the effect of para 8 is to raise the stillbirth rate by 17.7 percent. The 
same procedure is applied to each one of the parity groups to obtain the 
relative effect of the different parity groups on the stillbirth rate. 

By reversing the process it is possible also to determine the effect 
of age of mother independent of the parity factor. An illustration of this 
procedure is shown in Table 4. In column 3 are shown the 1,564,886 
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births to mothers aged 30-34 years distributed in the different parity 
groups. In column 2 are the rates for the different orders of birth as 
obtained from all the births (all ages of mother). The numbers in 


TABLE 4 


Illustrative example of the determination of the number of stillbirths for births 
to mothers aged 30-34 years, “expected” from the characteristic distribution 
of these births according to order of birth (See text.) 


EXPECTED STILL- 


STILLBIRTH RATE NUMBEROF RATIO OF 
ORDER OF FOR BIRTHS BIRTHS = FROM THE DISTRI- OBSERVED OBSERVED TO 
BIRTH TO MOTHERS OF TO MOTHERS SurioN BY ORDER STILLBIRTHS EXPECTED 
ALL AGES 30-34 OF BIRTH 


Total 1,564,886 48,742 47,636 0.977 
2 22.2 421,747 9,363 10,129 1.083 
3 26.4 317,640 8,386 8,720 1.040 
4 30.7 233,018 7,154 6,952 0.971 
5 34.7 180,588 6,266 5,754 0.918 
6 37.0 145,175 5,371 4,645 0.865 
7 40.0 108,960 4,358 3,717 0.851 
8 44.2 73,670 3,256 2,902 0.892 
9 49.6 42,157 2,041 1,973 0.966 

10 54-5 22,513 1,227 1,280 1.043 
II 60.1 10,570 635 683 1.076 
12 67.7 4,895 331 443 1.339 
13 75.5 2,181 165 190 1.151 
14 80.1 921 82 119 1.462 
15+ 115.9 851 107 129 1.204 


column 3 are multiplied by the corresponding rates in column 2 to give 
the expected number of stillbirths in each parity group. When these 
are summed, the total of 48,742 stillbirths are those which would have 
occurred among these births of mothers aged 30-34 years only as a re- 
sult of their particular distribution according to parity if the age factor 
was nonexistent. Actually, there occurred somewhat fewer stillbirths 
than would be expected. In other words, it can be said that the age group 
30-34 years does not exert an extra risk of stillbirths to multiparae and 
the relatively high crude rate for this age group may be attributed to the 
parity factor. A quantitative expression of the effect of this age group 
on the stillbirth rate is obtained by dividing the observed number (47,636) 
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by the expected number (48,742). The ratio is 0.977. In other words, 
for multiparae the age group 30-34 years tends to lower the still- 
birth rate by approximately 2.3 percent. 

Such procedures were applied to all the parity groups to obtain the 
ratio of observed to expected numbers of stillbirths for each parity 
group. These ratios are shown in Table 5 which presents for each parity 


TABLE 5 


- Ratio of observed to expected number of stillbirths showing the relative variation 
by order of birth when the effect of age of mother is eliminated, and the ratio of 
observed rates by order of birth to the rate for all parities. (See text.) 
Births to all multiparae 15-44 years of age, United States 1937-41 


STILLBIRTHS 


RATIO OF OBSERVED 
ORDER OF Ratio of RATE TO RATE FOR 

BIRTH Observed Expected observed to ALL BIRTH ORDERS 
expected 


2 62,111 0.827 
3 40,664 42,521 0.956 0.895 
4 28,205 26,715 1.059 1.041 
5 20,624 18,306 1.127 1.176 
6 15,185 13,456 1.128 1.254 
7 11,536 10,109 1.141 1.355 
8 9,137 7,762 1.177 1.498 
9 7,168 5,780 1.238 1.682 
10 5,452 4,232 1.288 1.847 
II 3,805 2,806 1.356 2.037 
12 2,715 1,845 1.472 2.204 
13 1,731 1,083 1.508 2.559 
14 1,114 604 1.844 3.020 
15+ 1,542 654 2.358 3.930 


the observed and expected numbers of stillbirths, the ratios of observed 
to expected, and the ratios of the actual rates to the total rate. 

The ratios of observed to expected may thus be used to describe the 
relative effects of the parity factor on the stillbirth rate. These are 
plotted in Fig. 4 against the relative ratios obtained from the actual 
rates according to order of birth. It will be noted that the general effect 
of eliminating the age factor is to raise slightly the favorable ratios of 
the low parities and to lower considerably the high ratios in the high 
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OROER OF BIRTH 


Fic. 4. OBSERVED RELATIVE STILLBIRTH Ratios BY OrpER oF BirtH AND THEO 
RETICAL Ratios WHEN THE Errect oF AGE oF MOTHER IS ELIMINATED, BirtHs 
to ALL MULTIPARAE 15-44 YEARS oF AGE, UNITED STATES 1937-41 


parities. In other words, the high rates obtained for the births of high 
orders are partly due to the age factor and the relatively low rates of the 
low parities are also due in part to the fact that births in these parities 
occur to mothers in the more favorable age groups. 
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A standardization in each of the age of mother groups yields similar 
ratios of observed to expected which measure the effect of the age factor 
and are shown in Table 6. 


TABLE 6 


Ratio of observed to expected number of stillbirths showing the relative variation 
by age of mother when the effect of order of birth is eliminated, and 
the ratio of observed rates by age of mother to the rate for 
all ages. (See text.) 


Births to all multiparae 15-44 years of age, United States 1937-1941 


STILLBIRTHS 


RATIO OF OBSERVED 
RATE TO RATE FOR 
MOTHER Observed Expected Ratio of observed ALL AGES 

to expected 


15-19 11,998 8,214 1.461 1.143 
20-24 43,754 46,781 0.936 0.790 
25-29 52,415 59,117 0.887 0.830 
30-34 47,636 \ 48,742 0.977 1.031 
35-39 38,414 34.352 1.118 1.424 
40-44 16,862 13,733 1.228 1.908 


These ratios are plotted in Fig. 5 against the ratios of the observed 
rates. The effect of eliminating the influence of the parity factor is to 
raise the favorable ratios in the lower age groups and to lower the ratios 
in the older age groups. 

The two sets of ratios which describe the relative effects of the order 
of birth factor and of the age of mother factor can now be used to de- 
termine for each age and parity group the rate which would be expected 
to operate in that specific group only on the basis of parity and age of 
mother. This may be accomplished merely by raising the total rate by 
the sum of the effects which the specific parity and age of mother groups 
exert. For example, fourth births increase the stillbirth rate by 5.9 
percent and the age group I5-I9 years raises it by 46.1 percent (see 
tables above). Consequently, in order to obtain the expected rate for 
fourth births to mothers aged 15-19 years, the total rate (29.5) is mul- 
tiplied by the product of 1.059 and 1.461. Thus the expected rate for 
births to mothers 15-19 of para 4 is found to be 45.6. Similarly, since 
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the age group 20-24 years tends to lower the stillbirth rate by 6.4 per- 
cent, the expected rate for fourth births to mothers aged 20-24 years 
(29.2) is determined by multiplying the total rate of 29.5 by the product 
of 1.059 and 0.936. This procedure was appi.cd to the rates in each of 
the classifications of the births by order of birth and age of mother. The 
results are shown in Table 7. 

A comparison of the different rates in Table 1 and 7 affords a method 
for determining in each age and parity group the relative effect of in- 
terval between births because the rates in Table 1 result from the com- 
bined effect of the three factors of parity, age, and interval between 
births. The rates in Table 7 are those which may be expected to result 
from the operation of only the two factors of age and parity. Conse- 
quently, the extent to which the rates in Table 1 differ from those in 
Table 7 indicates the effect of the interval between births on the still- 
birth rate. 
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Such a comparison is presented graphically in Fig. 6 for each birth 
order. As the curves in Fig. 6 are followed, the effects of both the short 
and the long interval become apparent. 

The observed rates for second births are below the expected for 
births to mothers less than 30 years of age. The optimum interval in 
this case is the one resulting when second births occur at ages 20-24 
years. The rates after age 30 are all above the expected and the differ- 
ence between the observed and expected rates increases with age, an in- 
dication of the extra risk associated with long intervals. 

The effect of the short interval is first noticed for third births to 
the youngest mothers. This effect becomes increasingly greater with 


AGE OF MOTHER 

Fic. 6. OssEeRvep STILLBIRTH Rates BY AGE OF MOTHER For BirtH 
AND THEORETICAL RATES ON THE ASSUMPTION THAT INTERVAL BETWEEN 
Birtus Does Nor AFFECT THE STILLBIRTH Rate, BirtHs TO ALL MULTIPARAE 


15-44 YEARS oF AGE, UNITED STATES 1937-41 


Note that the observed rates for the younger ages move farther from the 
theoretical rates with increasing parity. 
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each birth order. This is due not only to a continuously shorter average 
interval but also to the cumulative effect of many previous births born 
at relatively close intervals. 

A review of the curves for the higher parities indicates the adverse 
effect of not only the “very brief” but also the “brief” intervals because 
if only intervals of less than one year tend to raise the stillbirth rate, it 
could be expected that the rate for only the very youngest age group 
in each parity would lie above the expected. Actually, in each of the 
curves for the higher parities there are at least two, and in most cases 
three, of the first age groups in which the observed lie above the ex- 
pected rates. 

The effect of the long interval is noted in the first 8 parities. In each 
of these the rate in the older age groups moves further away from the 
expected. 

It may be well to bring together the information relative to interval 
which may be seen from the individual curves of Fig. 6 into one curve 
affording a single comparison of all the birth orders. This may be ac- 
complished by plotting for each birth order the ratios of the observed 
rates by age of mother to the total rate for that birth order. Such a 
comparison is presented in Table 8 and Fig. 7 for birth orders 2 to Io. 
This figure brings out strikingly the effect of both the short and long 
interval on the stillbirth rate. 

In evaluating the curves in this figure it must be borne in mind that 
if interval did not affect the stillbirth rate all the curves would be super- 
imposed on the curve for the total (the dotted curve). The relative 
positions of the curves is very illuminating. To the left—that is, for 
the younger age groups—the curves lie on top of one another in almost 
perfect parity order. This, of course, is to be expected because the 
higher the birth order for any age group the shorter the interval. To the 
right—that is, in the older ages—the order of the curves is reversed. 
The curve for second births is on top, and the curves for the higher birth 
orders lie each below that of the preceding birth order. This results 
from the effect of the long interval because the average interval becomes 
longer, as birth order decreases in these higher age groups. At the inter- 
mediate ages the curves come closer together indicating the relatively 
favorable rates of the moderate intervals. The individual curves come 
close to the expected ones or below them in regular fashion, that is, 
the lower birth orders approach it sooner than the higher birth orders 
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Note that to the left the curves lie on top of one another in almost perfect 
parity order while to the right the order is reversed indicating the effect of 
both the short and the long interval. 
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because the moderate interval is reached at younger ages for lower 
than for higher parities. 


THE EFFECT OF INTERVAL ON THE STILLBIRTH RATE FOR NONWHITES 


The effect of interval on the stillbirth rate is a result of not only 
physiological factors but also external environmental factors which 
may be associated with interval between births. Detailed data necessary 
for the isolation of the two sets of factors are not available. A rough 
indication as to the relative strength of the effects of the two sets of 
factors may be obtained by investigating the relation between interval 
and the stillbirth rate for nonwhite births. In general, the nonwhite 
group is more homogeneous in terms of the socio-economic conditions 
under which they live than is the white population. Consequently, if the 
results found above were entirely due to external environmental con- 
ditions it could be expected that the effect of the interval on the stillbirth 
rate would be much different for nonwhites and of a much smaller 
magnitude than for total births. 

The foregoing analysis is therefore repeated briefly for nonwhite 
births. The results show a striking similarity between nonwhite and 
total births in the effect of interval between births on the stillbirth rate. 

Table 9 shows the births, stillbirths, and stillbirth rates by order of 
birth and age of mother for all the nonwhite births which occurred in 
the United States in the 10-year period 1932-1941. It is based on 
2,068,991 births to multiparae among whom were 117,004 stillbirths. The 
stillbirth rate among nonwhites was 56.6 which is nearly twice as high 
as that for total births. 

A review of the rates by order of birth and age of mother in Table 
9 shows striking similarities to those of Table 1 for total births. Here 
again the minimum rates do not occur in the same age group for all pari- 
ties but shift from one age group to the next (see underscored rates in 
Table 9). Also, in this case, the shifting occurs in groups of three pari- 
ties as was the case among total births. Moreover, the actual age groups 
at which the minimum rates occur for the different parities are identical 
with those found for total births. Thus, the best rates for para 2 are 
again found in the 20-24 year age group. For para 3, 4, and 5 the 
minimum rates are in age group 25-29 years. Para 6, 7, and 8 have 
minimum rates at ages 30-34 years. A slight exception occurs at para 
9 where the minimum rate occurs at ages 30-34 years, but this rate is 
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only slightly lower than the rate at ages 35-39 years. For para 10 and 
II minimum rates are in age group 35-39 years, and for birth orders 
higher than 11 the lowest rates are found in the oldest age group. 
Proceeding with the analysis for nonwhites as done for total births, 
the variations of the rate which may be expected on the basis of order 
of birth alone and on the basis of age of mother alone are determined 
and presented in Tables 10 and 11 and in Figs. 8 and g. It will be ob- 


TABLE 10 


Ratio of observed to expected number of stillbirths showing the relative variation 
by order of birth when the effect of age of mother is eliminated, and the 
ratio of observed rates by order of birth to the rate for all 
parities. (See text.) 


Births to nonwhite multiparae 15-44 years of age, United States 1932-1941 


RATIO OF 
OBSERVED RATE 
TO RATE FOR 
ALL BIRTH ORDERS 


BIRTH Observed Expected Ratio of observed 
to expected 


2 27,262 20,436 0.926 0.883 

3 19,796 20,777 0.953 0.898 

4 15,567 15,813 0.984 0.940 

5 12,204 12,267 1.002 0.982 

6 9,640 9,773 0.986 1.002 

7 7:720 7;749 0.997 1.055 

8 6,399 6,196 1.033 1.136 

9 5,161 4,692 1.100 1.256 
10 4,109 3,639 1.129 1.330 I 
II 2,915 2,472 1.179 1.429 i 
12 2,226 1,693 1.315 1.633 a 

13 1,508 1,064 1.417 1.788 

14 980 615 1.593 2.034 
1,427 1.757 
b 
tl 
served that in general the effects of order of birth and of age of mother b 


on the stillbirth rate are similar to those found for total births except 
that the effect of each of these factors is less pronounced for nonwhites 
than for total births. From these tables it is possible to construct ex- 
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pected rates by order of birth and age of mother on the assumption that 
interval between births does not affect the stillbirth rate. These rates 
are presented in Table 12. 

From the rates shown in Table 11 and in Table 9, Table 13 and 
Fig. 10 have been constructed to show how the actual ratios of the rates 
by age of mother for each parity compare with the expected ratios on 
the assumption that interval does not affect the stillbirth rate. It will 
be noted that the variation of the individual curves for nonwhites is 
very similar to that found in Fig. 7 for total births. 

This similarity is brought out in striking fashion by comparing the 
percentage increase or decrease of the observed ratios from the 
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TABLE 11 
Ratio of observed to expected number of stillbirths showing the relative variation 
by age of mother when the effect of order of birth is eliminated, and the ratio 
of observed rates by age of mother to the rate for all ages. (See text.) 
Births to nonwhite multiparae 15-44 years of age, United States 1932-1941 


STILLBIRTHS 

AGE OF RATIO OF OBSERVED 

MOTHER RATE TO RATE FOR 
Observed Expected Ratio of observed ALL AGES 
to expected 

15-19 11,839 10,198 1.161 1.032 

20-24 33,323 33,976 0.981 0.894 

25-29 28,169 29,648 0.950 0.919 

30-34 20,858 21,052 0.991 1.048 

35-39 16,981 16,345 1.039 1.244 


40-44 5,834 5,797 1.006 1.392 
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RELATIVE RATIOS 


----- THEORETICAL RATIOS SHOWING EFFECT OF AGE ONLY 


AGE OF MOTHER 


Fic. 10. Osservep RELATIVE STILLBIRTH Ratios sy AGE oF MoTHER ror EacH 
BrrtH ORDER AND THEORETICAL Ratios ror AGE OF MorHER WHEN THE 
Errect or BirtH Orper Is Extrminatep, BirtHs TO NONWHITE MULTIPARAE 
15-44 Years or AcE, UNITED STATES 1032-41 


Note similarity of this chart to Fig. 7 for births to all multipara. 


theoretical ratios for nonwhite and for total births. In other words, 
for each age group it is possible to calculate, from the data given in 
Tables 1 and 7 for total births and in Tables 9 and 11 for nonwhite 
births, the percentages by which the observed rates differ from the ex- 
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pected rates. These percentages afford a quantitative expression of the 
extent to which interval between births affects the stillbirth rate in the 
various birth orders. This information is shown in Table 14 and 
Fig. 11. 


PERCENTAGE CHANGE 


Fic. 11. PeRceENTAGE By OssERveD STILLBIRTH RATES DIFFER FROM THE 
THeoreTicAL Rates spy Orper oF Brrto For 5-YEAR AGE GROUP OF 
MorHenr, For BrrtHs TO ALL MULTIPARAE 15-44 YEARS OF Ace, STATES 
1937-41 AND FOR BirrHs TO NONWHITE MULTIPARAE 15-44 YEARS OF AGE, 
Unrrtep STATES 1932-41 


Note the similarity between the forms of the curves for nonwhite and the curves 
for total births indicating that the effect of the interval is very similar for both. 
Note also the gradual change in the form of the curve from a sharply increasing 
curve with order of birth in the younger age groups (short interval) to a de- 
creasing curve in the older ages (long interval). 
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It is remarkable that although the level of the stillbirth rate is high- 
er for nonwhite than for total births, and although the effect of the 
birth order factor and the effect of the age of mother factor by them- 
selves are less pronounced among nonwhite than among total births, 
the percentage increase or decrease in the stillbirth rate which may be 
attributed to the factor of interval between births varies in a strikingly 
similar fashion for nonwhite as for total births. 

The curves for ages 15-19 years are practically superimposed as are 
those for the oldest age group. In the intermediary age groups the curve 
for nonwhite is somewhat lower than that for total births but the 
effect of interval is very marked also in the nonwhite group. 

Incidentally, the curves in Fig. 11 bring out the effect of the interval 
between births more clearly than any of the other curves. Thus in the 
young age groups the curves rise sharply with increasing parity. For 
example, for ages 15-19 years the observed rates are higher than ex- 
pected by less than 10 percent for third births, by over 60 percent for 
fourth births, by more than 100 percent for fifth births. In ages 20-24 
years the observed rate for para 8 among total births is almost two and 
one half times as high as the expected. 

As the age group increases, the percentage increase of observed to 
expected rates with increasing parity diminishes. This is due to the fact 
that as age increases the average interval becomes more moderate for 
most parities. At the same time, the effect of long interval for low 
parities in the older age groups becomes apparent in the gradual change 
in the form of the curve from one sharply increasing with parity in the 
young age groups to one decreasing with parity for the older ages. 


SUMMARY AND CONCLUSION 


In this study an attempt is made to determine the effect of interval 
between births on the stillbirth rate through a detailed analysis of the 
rates according to parity and age of mother. It is based on more than 
seven million births in the country in the five-year period 1937-194I. 
This number is of sufficient magnitude to yield stable rates in each of 
the groups according to these two factors. 

The rationale of the analysis is based on the fact that the interval. 
between births for women in the same age group decreases with in- 
creasing parity. The basic method used is to determine the expected 
rate for each parity and age group on the assumption that the interval 
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between births does not affect the stillbirth rate. A comparison of the 
observed rates to these expected rates demonstrates the effect of the 
interval between births. Although this method does not yield a quantita- 
tive expression of the exact optimum interval for each parity and age 
group it demonstrates that relatively short intervals and relatively long 
intervals are associated with higher stillbirth rates while the moderate 
intervals lead to the lowest rates. This conclusion is based on the fol- 

lowing facts which were demonstrated : . 

1. The lowest rates do not occur in one particular age group irrespec- 
tive of parity. Instead, there is a consistent shifting of the mini- 
mum rate to the older ages with increasing parity. 

When the stillbirth rates by age of mother are compared for the dif- 
ferent parity groups the increase in the rate is not proportionate 
for the various age groups. The increase is very much higher for 
the younger age of mother groups than for the older. 
When stillbirth rates in each age group are compared with the rates 
in two control groups composed of mothers younger and older than 
those in the age group under analysis, it is found that the control 
groups in which the interval is either too short or too long show 
higher stillbirth rates while the control groups with moderate in- 
tervals have lower rates. 
By determining quantitatively the degree by which the stillbirth 
rate is affected by parity alone and then by age of mother alone, 
theoretical rates have been constructed which show the manner in 
which the stillbirth rate may be expected to vary only as a result 
of these two factors, assuming theoretically that the interval does 
not affect the stillbirth rate. The degree to which the observed rates 
exceed or are exceeded by these theoretical rates leads to the con- 
clusion that for the moderate intervals the observed rates are either 
lower than the expected rates or are nearly equal to them. 
A similar analysis for all nonwhite births in a 10-year period demon- 
strates that although the level of the stillbirth rate is higher among 
nonwhite births than among total births, and although the effect 
of the order of birth and the age of mother in themselves are less 
pronounced for the nonwhites than for the total, the interval be- 
tween births affects the nonwhites to a surprisingly similar degree 
as it does the total births. 
This study demonstrates that the interval between births is strong- 
ly correlated with the stillbirth rate. The results offer sufficient justi- 
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fication for further study of this subject with the view of determining 
the actual optimum intervals for the various parity and age groups. 
Such a study needs to be made on a very large number of births for 
which all the three factors, parity, age, and exact interval between births, 
are known. Data for such a study can probably best be secured from 
hospital records. It is important that such a study be undertaken in all 
the hospitals of one large community in which a high proportion of the 
births are hospitalized. 
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THE METOPIC SUTURE AND THE 
METOPIC SYNDROME? 
BY LEO HESS, M.D. 


= HE closure of the cranial sutures is dependent upon (1) the 
=| intracranial pressure, (2) the activity of certain muscles 
i attached to the skull, (3) certain structures of the skull, 
=) (4) the kind of suture, and (5) a certain congenital factor. 

(1) The increase of intracranial pressure by the physiologic growth 
of the brain evidently acts as tension on the cranium—more so on the 
membrane of the roof than on the cartilage of the base. It produces the 
convexity of the vault against the physiologic basal kyphosis and pre- 
vents a premature closure of the cranial sutures. 

(2) The temporal muscle (by its insertion on the zygomatic pro- 
cess of the frontal bone, on the crista supramastoidea, and on the parietal 
bone) acts during mastication on the frontal and sagittal sutures and 
thus interferes with their early obliteration. The masseter muscle acts 
on the squama temporalis, so that by its contraction the temporal bone 
tends to become removed from the parietale and the squamous suture 
is kept open. As for the coronoid and lambdoid sutures, it is the activity 
of the muscles of the neck (splenius and semispinalis capitis) which 
gives rise to tension in a direction perpendicular to the course of these 
sutures, i.e., in the very direction of the Sharpey fibers of the apposed 
bones, and may thus prevent the closure of these sutures. The sutura 
occipitomastoidea runs nearly parallel to the splenius and longissimus 
capitis. From the merely mechanical point of view it is perhaps not 
surprising that in children with milk teeth it is found to be closed in a 
high percentage of cases (12 per cent, according to Bolk, 1). 

(3) The tension arising from the growth of the skull-base is 
transmitted, by means of the crista galli and the crista occipitalis, to 


* I am indebted to Dr. C. Stanley Raymond, Superintendent of the Wrentham 
State School, for having permitted me to collect at that School some of the observa- 
tions presented here. 
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the falx cerebri and cerebelli, and finally to the convexity of the skull 
vault. Furthermore, Félizet (2) drew attention to the heavy bony mass 
around the foramen magnum (condyli occipitales, clivus, sphenoid bone 
—the “centre de résistance”), which transmits the tension of the entire 
cranium to the vertebral column. Some bony structures around the 
foramen magnum, the clivus, and the sulcus sagittalis with the eminentia 
cruciata, are apt to transmit some of this tension to the cranial vault. 
Moreover, there are located in the vicinity of the foramen magnum, 
the crista pyramidalis and the crista alaris. The tension transmitted 
by all of these structures, for a certain time, at least, is able to keep the 
sutures open. 

(4) The serrate sutures (for instance, the coronary up to the 
stephanion and the sagittal sutures) do not permit any lateral displace- 
ment of the apposed skeletal parts. According to Thoma (3) they 
usually ossify early. The harmonic sutures of the face, which are de- 
void of saw-toothed processes, and the squamous sutures (sphenoparie- 
talis, sphenosquamosa, and particularly the petrosquamosa) are usually 
open for a longer period of time, because of the instability of their con- 
nection. It is noteworthy, however, that during infancy all the sutures 
are smooth. The “teeth” develop gradually. According to my personal 
experience, the first “teeth” make their appearance around the third or 
fourth year. Some sutures remain unserrated. 

(5) With regard to the order of obliteration, there is a great 
divergence of opinion. Lenhossek (4) and Bolk (1) gave evidence that 
even in young children some of the sutures, particularly the sutura oc- 
cipitomastoidea, and less often the sagittal and the coronary sutures, 
are closed in a comparatively high percentage of cases. It is common 
knowledge, however, that the persistence of the metopic suture is met 
with in certain races (e.g., Homo alpinus) more frequently than in 
others (for instance, Homo nordicus), a fact which undoubtedly points 
to a racial or congenital agent. The high percentage of prematurely 
obliterated sutures in children observed by Bolk is amazing (18.8 per 
cent in 1820 infantile crania) and may possibly be accounted for by a 
pathologic condition. It is interesting that in all of Bolk’s cases the 
obliteration of the sutura occipitomastoidea started in the middle of the 
pars supraoccipitalis and progressed upward to the asterion. The synos- 
tosis in the lower part of the suture took place later, but it never extend- 
ed to the posterior margin of the jugular foramen. The suture of the 
right side was closed more often than the one of the left. Without any 
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exception the obliteration of the sagittal suture started close to the 
obelion. This is consistent with the experience of many other observers. 
Whereas the synostosis of the sutura occipitomastoidea was more often 
noticed at the ages of 12 to 20, the incidence of the prematurely closed 
sagittal suture was highest at about the age of 6 years, without any re- 
markable change in children of higher age. All these facts provide 
evidence that a congenital factor plays an important or decisive role in 
the ossification of sutures. Furthermore, it is noteworthy that in female 
skulls, although their capacity and brain volume is generally smaller, the 
sutures are found open at later periods of life than in male skulls. This 
fact demonstrates again that growth of the skull and closure of the 
sutures are not dependent exclusively upon the development of the brain. 

Metopism is extremely rare in cases with closure of the sagittal 
suture, and still more so with closure of the occipitomastoid suture (2 
times in 272 cases of Bolk). There are apparently two types of skulls, 
one of which is characterized by a tendency to premature synostosis. 
Zuckerkandl (5) noticed many years ago that in some crania, once one 
of the sutures had closed, the others were prone to follow soon. Accord- 
ing to his experience, for instance, in oxycephalic skulls, the closure of 
the sutures “in regione temporali”—in addition to the synostosis sagit- 
talis—is very common. This is consistent with Greig’s (6) findings. 

Close analysis permits differentiation of two factors as being in- 
volved in the seemingly simple process of obliteration of sutures: the 
stoppage of growth of the fibrous tissue lying between the bones, and the 
continuation of the process of ossification, i.e., the apposition of bone 
tissue and the deposition of calcium salts. If the growth of the fibrous 
tissue and ossification stopped simultaneously, the capacity of the skull 
would not increase further, although the suture line would remain open. 
Cessation of growth of fibrous suture tissue while marginal apposition 
of bone continues is the manifestation of the physiological obliteration 
of sutures. The only exception to this rule is the frontal suture, since 
union of both halves of the frontal bone takes place, not by primary 
ossification, but through a secondarily intercalated bony mass, the so- 
called supranasal triangle. The sutures are the areas of growth of the 
skullbones, just as the epiphyseal cartilages are the areas of growth 
of the long bones. 

At the time of puberty many epiphyseal cartilages and many suture 
lines undergo rapid ossification. During pregnancy certain bone changes 
(for instance, proliferation at the tabula vitrea) take place. Physiologic 
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senility is associated with definite anomalies of the skeleton (for instance, 
osteoporosis parietalis). It is tempting to assume that the growth of 
the bones is correlated with or dominated by the activity of certain en- 
docrine organs (thyroid, hypophysis, epiphysis, parathyroid, sex 
glands). It should be kept in mind, however, that some epiphyseal unions 
remain open in puberty (at the sternal extremity of the clavicle, at 
the coracoid process, at the iliac crest, at the processus transversus and 
mammillaris of the lumbar vertebrae) and fuse later; and some syn- 
chondroses undergo ossification long before puberty (synchondrosis 
intraoccipitalis anterior and posterior). The order of formation of 
ossifying centers, varying in different individuals, is another fact which 
cannot easily be ascribed to endocrine agents. The same holds true of 
the asymmetry in length of bones common in embryos and often met 
with in children and adults, and of the asymmetry of shape of bones. 
The latter, as well as the development and structure of the spongiosa, 
the hypostosis and hyperostosis congenita of certain individuals, depend 
upon hereditary factors.? Aside from the laws of causality and of func- 
tion generally underlying the formation and the development of all parts 
of the body, there is an inborn agent accounting for the individual traits 
and for the integration of its organs. Whether this agent, inexorably 
devising and ruling the individual form and fate, is to be looked upon 
as a physical or a spiritual one (Aristotle’s évreAéyaa*) cannot be dis- 
cussed in this connection. 


II 


It is a common belief that increased intracranial pressure due to 
an abnormal growth of the forebrain or to hydrocephalus internus is 
associated with the phenomenon of persisting frontal suture (metopism). 
Some authors, Schwalbe (7), for instance, expressed the opinion that 
persons with metopic crania may be considered of high intelligence. In 
view of certain considerations, to be discussed later, it is of interest to 
mention the following case of plagiocephalus, in which the entire frontal 


suture from the glabella up to the bregma was found open: 
P. H., male, 16, imbecile, admitted to the Wrentham State School in 1934. 


* The hyperostosis of the skull, together with early closure of sutures in 
cases of anencephaly, is still an unsettled problem. A congenital, as well as a 
mechanical factor (as a result of the lack of intracranical pressure) may be 
important. 

* Aristotle’s De Anima, 2, 1. 
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Born at full term, birth normal. Began to walk at 1%, to talk at 3%4-4 years 
of age. The most impressive feature is the high degree of asymmetry (preauri- 
cular asymmetry) of the face, with marked deviation of the nose to the left. 
The right orbit as a whole is located at a higher plane than the left one. The 
left frontal and the left parietal eminence are flattened. Both cheeks are rather 
flat. The anterior part of the sagittal suture is slightly depressed; its posterior 
part is ridged and is open throughout, deviating to the left. The scalp slopes 
up behind at the lambda. The glabella is of normal size, slightly bulging. The 
chin is high, broad, prognathous. The zygomata, symmetric parts of both parietal 
bones, and the occiput are thick. The palate is broad but arched. There is a 


$ uvula bipartita. The teeth are large, particularly the upper incisors, and some 
f of them are notched; they are crowded and their alignment is poor. 
h There is a marked lumbar lordosis and moderate dorsal kyphosis in the 
f upper part of the spine. The cervical lordosis is about normal. The left foot is 
flat. The little fingers of both hands are deformed. The proximal interphalangeal 
t joints of both 3rd and 4th fingers are thickened. Both big toes are extremely 
5. thick and broadened and are shorter than the other toes. The four lateral toes 
1, are nearly equal in length (isodactylia). Genua recurvata is present. 
d Axillae, chest, abdominal wall, the four limbs are hairless, except for a 
few short, brown lanugo hairs on the upper arms and along the trapezius muscles. 
c= The genital hair is black, thin, long, of horizontal outline. The thyroid gland 
ts is palpable but not enlarged. Both testicles are firm and of normal size. The 
ts apices of both lungs down to D. are dull upon percussion, with prolonged 
ly bronchial expiration. Ichthyosis of the entire skin is present, and there is rota- 
tory nystagmus of both eyes. Fundi and motility of the eyes are normal; the 
- sclerae are bluish. There is hyperactivity of the facial nerve of both sides 
S- upon mechanical stimulus (Chvostek’s sign). Hyperirritability of both ulnar 
nerves (Hoffmann’s sign) is present. The speech is guttural, but fairly clear. 
Tendon reflexes of both lower extremities are very active. Abdominal, epigastric, 
suprapubic, and cremasteric reflexes, as well as the periost and triceps re- 
™ flexes, are normal. Height, 140 cm. Weight, 99 Ibs. 
Head Measurements 
1). 
rat Circumference 50.6 cm. 
In Sagittal 15.4 cm. 
to Bitemporal 13.3 cm. 
tal Bimandibular 88 cm. 
Height (bregma-chin) 18.7 cm. 
034. Cephalic index 86.3 
. in Angulus Luys, capitula ulnae and many ribs are thick. Outline (profile) ovale. 
ot Muscular type. Wassermann and Schick tests negative. X-ray examination gives 
, be no evidence of increased pressure within the cranial cavity. 


The parents are second cousins, the father a sex pervert. P.tis the fifth of 
six are mentally retarded. 
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As the cranial vault of this patient slopes up behind and not at the 
bregma, this case cannot be termed as true oxycephaly. The high degree 
of facial and cranial asymmetry, together with the cephalic index of 
86.3, justify the diagnosis of plagiobrachycephaly. Consequently, it must 
be assumed that the thickening of the posterior part of the sagittal 
suture is not due to an early closure of the sagittal suture, long before 
the birth of the child, as this is likely to give rise to dolichocephaly. It 
is more likely that both the asymmetry and the prominence of the sagit- 
tal suture are the effect of external pressure at the time of birth. The 
fact that the delivery was normal, the father psychically abnormal, and 
all the children reported to be mentally retarded makes it probable that 
some congenital anomaly is involved, either weakness of the skull bones 
(hypostosis, according to Thoma) or largeness of the interstitial mem- 
branes. Under such conditions, even a normal delivery may result in a 
deformation of the cranium. The isodactylia, the shortness of both 
big toes, the deformity of the 5th fingers—all are evidence of a cer- 
tain abnormality of development, as are the ichthyosis, the blue sclerae, 
the rotatory nystagmus, the uvula bipartita, the prognathism. There 
are signs of old rickets and of infantile tetany, which, according to 
my own investigations, are often met with in a certain muscular. type 
of child. The skull of this patient is similar in appearance to the skull 
of an adult referred to by Zuckerkandl (5) as: brachycephalus, with 
the metopic suture not entirely closed, the other sutures of the cranium 
all open, and with the right half of the forehead and left part of the 
occiput bulging (so-called left-sided asymmetry). Thoma (3) de- 
scribes a skull of a male, seven-month-old child as: plagiocephaly, 
with the sagittal, coronary, and frontal sutures open. In this case 
hypostosis was noticed. 

As far as we are aware, the coincidence of plagiocephaly with 
metopism has not been mentioned previously in the literature. It is 
of interest for the considerations to be discussed in the next section. 
Metopism, on the other hand, is sometimes associated with encephalo- 
or myelomeningocele or other bony anomalies of the cranium. In 
Sitsen’s (8) case of a two and one-half month old child the metopic 
suture was open, and its middle part was wide enough to form a metopic 
fontanel. Instead of the sagittal suture there was a large membrane 
(diameter, 2 cm.). In many bones of the skull there were thin trans- 
parent areas; here and there the osseous tissue was completely lacking. 
The great fontanel was enlarged, measuring 8 cm. in diameter, the 
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occipital foramen was enlarged. Meningoencephalocele posterior and 
marked hypostosis were present. 

We therefore are inclined to suggest that all of these anomalies— 
metopism, spina bifida, “Lueckenschaedel,” encephalocele, myelocele, 
and the Klippel-Feil syndrome—are based on a congenital anomaly of 
the bones, of the interstitial membranes, of the skull and of the central 
nervous system. They are related to each other and may be included 
under the group of anomalies known as “status dysrhaphicus.” 
Plagiocephalus, when associated with metopism, belongs to the same 
group. In passing, it might be mentioned that in plagiocephaly, as well 
as in the cases with marked cranial asymmetry, the structure of the 
base of the skull appears to be normal (Zuckerkandl, 5). 


III 


Guided by the cases of metopic plagiocephaly, we turned to the study 
of metopism proper. The cases discussed below and presented in Tables 
1 to 4 were those with persistent frontal suture throughout the frontal 
bone (from the glabella up to the bregma or at least up to the hair- 
line). Most of the patients referred to were over ten years of age. 
An obvious and impressive feature of metopism is the marked 
facial asymmetry. This can best be observed by comparing the distances 
from the corner of the mouth to the outer corner of the palpebral fissure 
on each side. As is generally recognized, a mild degree of asymmetry 
of the face (the so-called preauricular asymmetry, according to Holl) 
is very common, although in many cases it is revealed only upon close 
examination.* Our cases showed a marked deviation of the nose, of 
the protruding tongue, and of the uvula. They further showed a marked \ 
prominence of one zygomatic arch or one frontal eminence; a dissimilar- 
ity of the earlobes as to shape, pattern, size, and attachment; and a dis- 
similarity of the depth of the nasolabial folds. These signs combined, 
or at least the presence of a group of them, constitute a constant and 
distinctive syndrome. Special mention is made of an unusually high 
degree of asymmetry in cases 13, 18, 21, and 45. Although it has not 
been mentioned in the literature, it.is apparent from our studies that 
“metopism to the left” is comparatively rare. We observed it only in 
cases 27, 28, and 29, (Table 2), while in all other cases the persistent 


* The ancient Greek sculptors were familiar with the fact, as proven, for in- 
Stance, by the Venus de Milo. 
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frontal suture was located precisely in the midline or deviated slightly 
to the right with reference to the middle of the glabella. Anatomical 
study of metopic skulls showed that in the majority of the cases we 
had occasion to examine the frontal suture was continuous with the 
sagittal suture, and in only a few instances did it deviate slightly to the 
right. This was true of skulls of children as well as of adults. 

In an attempt to explain these observations, it is best to start with 
the generally accepted assumption that a relation exists between the 
development of the brain and that of the skull. Either the brain de- 
velops according to its law and the skull is dependent upon the deve- 
lopment of the brain, or brain and skull represent, from the develop- 
mental point of view, one unit. The latter hypothesis will prove to be 
helpful in our discussions on oxycephaly. The left inferior frontal 
gyrus is universally considered to be more developed than the right 
one. This fact, along with the right-handedness of the majority of 
human beings (according to my personal experience with European 
populations there are about 6 to 8 per cent left-handed individuals), 
points to a certain predominance of the left hemisphere and probably 
also of the left half of the frontal bone, thus pushing the metopic 
suture slightly to the right. In this connection it is not without interest 
to recall a case described by Thoma (3): No. 1, child, 3 months old, 
with metopism, all of the sutures patent, myelomeningocele lumbalis. 
Thoma noticed asymmetry of the cranial vault, asymmetry of the an- 
terior fontanel, and a comparatively larger left hemisphere. The im- 
pressiones digitatae in this skull were deepest in the area of the left 
lobus parietalis and of the left gyrus centralis. 

As a confirmatory sign demonstrating some local abnormality 
within the brain case, the occurrence of a dilated, more or less tortuous 
vein in the forehead along the metopic suture may be mentioned. The 
veins of the exterior of the cranium and of the forehead communicate 
with the superior sagittal sinus. Any pressure upon or displacement of 
the latter may result in an impediment of the venous return and cause 
dilatation of the superficial frontal vein. 

In some of the cases (10, 29, 37, 44) paresis or paralysis of the 
left abducens nerve indicates an involvement of the left midbrain. 
None of these cases complained of pain in the face. 

Of the cases with left-sided metopism, one patient (28) is left- 
handed (with a possible predominance of the right hemisphere). He 
also suffers from epilepsy. Since Redlich’s (9) and Steiner’s (10) 
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studies, the coincidence of epilepsy and left-handedness in a certain 
percentage of cases is a recognized fact. Case 28 had general con- 
vulsions in the first days of life. He is unable to speak, probably as 
a result of a defect of the left frontal lobe. In case 29 defect of speech 
and weakness of left abducens were noticed. 

Whereas in Tables 1 and 2 we are dealing with brains rather dif- 
fusely damaged, in the next group (Table 3) a more localized lesion 
can be assumed. We made the following diagnoses: porencephaly 
(30), atrophy of cortex (31), tie (33), tic with involvement of the 
left pyramidal tract, following birth injury (32), chronic chorea (34), 
mental deficiency following birth injury (35). The last is mentioned 
in cases 14, 29, 30, 31, 32, 34, 36, and 38 (premature). Mechanical 
displacement of some bones of the skull, along with damage to the 
brain tissue, is to be considered in these cases. f 

In our studies on heterochromia of the iris (11), attention was call- 
ed particularly to the glabella, which was found to be flat or slightly 
depressed and rather broad (euryprosopia). As the width of the gla- 
bella is determined by the nasel portion of the frontal bone and the 
development of the latter is closely connected with the growth of the 
frontal lobe, it seemed of interest to mention patients in whom metopism 
was associated with heterochromia, particularly since this coincidence 
has never been reported in the literature. 

By the term “microcephaly” we mean in this paper a cranial reduc- 
tion characterized by a circumference of the skull in an adult patient of 
about 50 cm. or below. The stature of all the patients, with the excep- 
tion of case 44 and the mongolian (21), was below five feet, which means 
that they could be regarded as dwarfs. The classical bony changes of 
the microcephalic skull sensu stricto were missing. This conforms with 
the experience of Brushfield and Wyatt (12), who met with the charac- 
teristic picture in not more than 70 cases in a group of 1185 imbecile and 
idiot children. Aside from imbecility of higher or lesser degree (2 micro- 
cephalics are mentioned as mongolians in Table 1), paresis of the left 
abducens nerve were present in two cases; in one (41), a positive 
Chvostek’s sign was noticed. Three “microcephalic” patients (41, 42, 
43) are sisters. True microcephaly too is sometimes familial.’ As al- 
ready stated, the base of the skull in microcephaly is the least involved or 


* Famous is the Baker family of five microcephalics. Thersites was apparently 
microcephalic (Ilias 2, 219). 
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is free from bony changes. Even macrogyria, sometimes observed in 
microcephaly, rarely affects the basilar part of the brain. 

In four instances of “microcephaly” in the broader sense (41, 42, 43, 
44) and in one microcephalic mongolian idiot (21), signs of old rickets 
were manifest and a connection between this disease and the stunted 
growth of skeleton and skull is possible. The evidence of rickets might 
possibly provide a means of differentiating this picture from the true, 
classic microcephaly, which apparently is endogenous and not rachitic. 
It is worth remembering that mongolism is altogether independent of 
rickets and that in the mongolian (10) and in two cases with the highest 
degree of facial asymmetry (13, 45), the diagnosis of rickets could not 
be established. In spite of the smallness of the brain, and with no evi- 
dence of a rise in intracranial pressure, the metopic suture remained 
open. X-ray studies did not reveal any other suture to be patent. It 
has been mentioned that in cases of anencephaly all of the existing 
sutures were found closed. In classic microcephaly frequently the sutures 
likewise are said to be closed. 

In all our cases, measurements were taken of: 

(1) the hemicircumference of the chest and of the distance of the 
nipples from the midline in males ; 

(2) the length of both clavicles; and 

(3) the distance of the crista iliaca superioris from the midline. 

Except for the case with scoliosis (14) no marked asymmetry could be 

observed. 

The marked and almost constant asymmetry of the visceral cranium 
in our opinion is an objective sign of an anomaly—either congenital or 
acquired in early life. Clinical and roentgenological signs of increased 
intracranial pressure were lacking in all of the cases. Furthermore, it 
is noteworthy that in several cases of children with hydrocephalus of 
different origin (rickets, lues, old meningitis), metopism could not be 
found. 

Although these studies did not reveal any marked asymmetry of 
the trunk, there were many signs of asymmetry demonstrable in the 
hands and feet besides those in the visceral cranium. Pryor (13) in his 
extensive X-ray studies gave evidence that the ossification of the bones 
took place symmetrically. In contrast to this our investigations re- 
vealed some data that are important for various reasons. Comparing 
the length of the fingers of both hands we noticed in cases I, 6, 11, 19, 
20, 25, 33 that the 2nd finger was equal to the 4th in the right hand, 
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whereas the 2nd finger was shorter than the 4th in the left hand. In 
cases 5 and 44, the 2nd finger was equal to the 4th in the left hand, 
whereas the 2nd finger was longer than the 4th in the right hand. 
Bilateral isodactylia was observed in cases 9 and 20, while unilateral 
isodactylia was present in cases 21, 30 (in both cases on the right side). 
The 5th finger was seldom involved (one-sided in cases 1 and 38, bilater- 
ally only in case 4). This fact is rather remarkable, since in most of 
the cases of status dysrhaphicus the 5th fingers are both deformed. The 
thumb was always spared. The 4th toes were extremely short in case 14. 
The 3rd toe was found to be the biggest in cases 6 and 30. The left big 
toe was markedly longer than the right in case 18. Occasionally we ob- 
served hallux valgus (4, 17), but never hallux varus, this fact being 
noteworthy because of the frequent occurrence of hallux varus in acro- 
and scaphocephaly (Park and Powers, 14). Originally the second toe 
is the longest; such is often the case in babies and children. In adults 
we usually find that the big toe is the longest in the majority of cases 
(about 86.7 per cent, according to Braus, 15). In classic Greek statues 
the predominance in length of the second toe is common. What matters 
in this connection is, first, the lack of symmetry; second, the occasional 
abnormality in the size of the fingers and toes ; and finally, the surprising 
and interesting observation that the fifth and, even more so, the first 
fingers are spared. In two cases (11, 31) the feet were disproportionally 
long (podomegaly). There are many reasons to believe that certain 
bone anomalies—acromegaly, arachnodactylia, brachydactylia in mongo- 
lians—are intimately connected with the disturbed function of the an- 
terior lobe of the pituitary body. In the introduction it was remarked 
that the “epiphyses” of the skull, the suture lines, their function and 
closure, are possibly related to the activity of certain endocrine organs, 
as are the epiphyses of the long bones. Furthermore, we are familiar 
with the changes in the skull as well as other bones (vertebrae, long 
bones) which are due to abnormal function of the gonads (osteomalacia 
puerperalis, osteophytes during pregnancy, endostosis frontalis, osteo- 
porosis senilis) or of the parathyroid glands (osteitis fibrosa). In none 
of these endocrine disorders, however, do we meet with unilateral i.e., 
asymmetrical changes in the bones. The asymmetry of skull and limbs 
appears to be the characteristic feature of the “metopic syndrome.” In 
acro- and scaphocephaly the malformations of the fingers and toes are 
strictly symmetrical. Impressed with the frequent occurrence of 
anomalies of fingers and toes in cases with aprosopia, schistoprosopia, 
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cheilognathopalatoschisis, Babes (16) suggested that it is the severe 
types of involvement of the upper part of the face which are accompanied 
by malformation of the limbs. Apparently the asymmetry of face of 
the metopics described in Table 3 belongs to that group characterized 
by its tendency to abnormalities of the small bones. The integrity of the 
first and fifth fingers is significant, since, according to Bremer (17) and 
in agreement with our personal experience, there is a high incidence of 
deformity of the fifth fingers in the status dysrhaphicus. It is very 
probable that the post-central cortex exerts a definite influence upon the 
growth of the opposite side of the body (Penfield and Robertson, 18). 
In an excellent case study Gowers (19) described smallness of one hand, 
associated with atrophy of the corresponding area of the post-central 
gyrus. There is no obvious relation between the asymmetry of the ex- 
tremities in our cases and the uniform cerebral hemiatrophy. Rather 
there exists a remote resemblance between our cases and the unilateral 
hyperostosis of one arm described by Léri and Joanny (20) (so-called 
“mélorhéostose” ). 

Unusual and, as far as I am aware, unknown in the clinical literature 
on cerebral lesions, is the dissimilarity of earlobes. This dissimilarity 
varied in degree but was marked, upon close examination, in cases 2, 
5, 6, 9, 12, 15, 16, 17, 20, 21, 22, 23, 26, 32, 33, 36, 37, 41, 46; or in 42 
per cent of the cases studied. As far as length, shape and attachment of 
the lobule are concerned the dissimilarity does not bear the signs of 
dystrophy or atrophy met with in the face or the extremities in cases with 
cerebral lesions and usually associated with vasomotor changes. It calls 
to mind the difference in size and shape of the mammary glands, papillae 
and areolae mammae noticed by Bremer (17) in cases of status dysrha- 
phicus and observed in our cases 3, 4, 6, II, 13, 14, 16, 19, 26, 35, 45, 
46; or 26 per cent of the cases. In the only case of kebocephaly 
(Kundrat), which I had the opportunity of observing in the dissecting 
room, the dissimilarity of the earlobes was unmistakable. In the litera- 
ture the earlobes are mostly described as flat, misshapen, and asymmetri- 
cal (Lang, 21). 

The incidence of syndactylia, i. e., webbing of the proximal phalang- 
es, mostly of 2nd and 3rd toes, was surprisingly high. It was found 
bilaterally in cases I, 4, 5, 10, 12, 14, 18, 19, 22, 25, 31, 33, 35, 37) 41; 
or 33.3 per cent; and unilaterally in cases 24, 34, 42; or 6.6 per cent. 
Assuming an incidence of metopism of 6 per cent and an incidence of 
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syndactylia of 2 per cent, the expected coincidence would amount to 
only 0.12 per cent! 

The persistent metopic suture along with many malformations of 
the small bones and of the earlobes are, in our opinion, congenital 
anomalies. In view of the fact that in acrocephaly the malformations 
are symmetrical, it is not unlikely that in the “metopic syndrome” a 
certain lesion of the brain, either congenital or acquired as an early age, 
plays a role. In our cases this assumption is substantiated to some ex- 
tent by the intellectual impairment (except for cases 23, 39, 40), the 
occasional involvement of the oculomotor or abducens nerve, by the 
severe cerebral damage in group three, and by the coincidence of hetero- 
chromia of the iris, which, according to our investigations (11), is re- 
lated to a certain lesion of the cervical spinal cord. 

The cephalic index ranged from 52.3 (case 14) to 95.9 (case 35). 
In sixteen cases, or 35.6 per cent, it was less than 75, indicating doli- 
chocephaly. Bolk in Amsterdam and Bryce in Scotland found 9.5 per 
cent of dolichocephalic skulls to be metopic. 

The circumference ranged from 44.9 cm. (case 34) to 67.0 cm. 
(case 14). Close connection does not exist between size and shape of 
skull and metopism. The same holds true of height (chin-bregma dis- 
tance), which ranged from 15.5 cm. (case 37) to 23.6 cm. (case 31). 
On the whole, the forehead gives the impression of being high, vaulted 
or prominent, and large (the type of skull that men like Kant and 
Leonardo showed); the temples are rather sunken, the glabella and 
frontal bosses smooth. In the cases with heterochromia the glabella was 
broad and the chin strong. In a large proportion of our patients (13 
cases, or 28.8 per cent) both zygomatic processes of the frontal bone 
were thickened; in very few cases did the thickening involve only one 
zygomatic process. In view of the high incidence of rickets, this fact 
cannot be stressed. 

In nine cases, or 20 per cent, hirsutism was encountered. The prob- 
lem of hirsutism cannot be discussed in this connection. The prepon- 
derance of females (31 females : 14 males) should not be stressed, since 
the majority of the inmates in the school are girls or women. As far 
as my limited experience goes, metopism appears to be rare in colored 
people. 

It has been noticed by some anthropologists (Martin, 23, for in- 
stance) that at the place of the original frontal suture a circumscribed 
area of thickening may develop (torus frontalis sagittalis). This thick- 
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ening would in some instances extend like a ridge upward to the bregma 
and down to the middle of the glabella. In that case it represents a dis- 
tinguishing feature of true, classic microcephaly. As the torus sagittalis 
is rather the opposite of metopism, it was tempting to pay some atten- 
tion to that condition. It is obvious that the torus bears a similarity to 
craniofacial dysostosis (Crouzon, 22). The diagnosis, however, of this 
latter disease requires the evidence of exophthalmos, external squint, 
beak-nose. Eighteen cases have been assembled and carefully studied, 
one of them (case 49) with the entire frontal suture bulging up to the 
bregma and down to the glabella, the other seventeen with the torus 
located precisely on the uppermost part of the frontal suture close to the 
hairline. It is unnecessary to dwell at length upon these cases; only in 
case 49 (girl, 28 years of age, moron) was there a marked webbing of 
the toes (2nd and 3rd) noticeable on both feet, together with signs of 
status dysrhaphicus (lanugo ad sacrum, deformity of both 5th fingers, 
heterochromia of the iris). Occasionally isodactylia, irregularity of the 
length of fingers, was seen. There was no tendency to asymmetry of the 
face or phalanges. Torus sagittalis is a condition entirely different from 
metopism, as it is different from microcephaly and craniofacial dyso- 
stosis. It appears to be a local peculiarity. 

What distinguishes metopism and characterizes it not as a local, but 
as an endogenous, congenital feature, is not the occurrence of one or the 
other of the signs mentioned above; it is the multiplicity of bony anoma- 


lies and the asymmetrical development of a certain section of the skele- 
ton. 


SUMMARY 


What is the significance of metopism? What are its salient features? 
What is its cause? 

1. The persistent frontal suture is not to be considered as a local 
peculiarity of the frontal bone. It is part of the “metopic syndrome,” 
which can be recognized upon close examination. It is possible that this 
syndrome will not always be fully developed, but many of the signs, 
particularly the trend to asymmetry, will be found in every case of 
metopism. The syndrome consists of anomalies of the visceral cranium 
and of the phalanges. 

2. The thumbs and the fifth fingers are less involved than the other 
fingers ; they are sometimes altogether free of anomalies. 

3. The base of the skull is unaltered. 


- 
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4. There is no connection between metopism and increased intra- 
cranial pressure, nor is metopism related to a special type of skull. 

5. There is no reason to assume an endocrine origin; it is more 
likely that a peculiarity of the germ is responsible for metopism. 


REFERENCES 


(1) Borx, L. On metopism. Am. J. Anat., 22:27, 1917. 
. Ueber praemature Obliteration. Ztschr. f. Morphol. Anthropol. 


21:1, 1919. 


(2) Fétizet, R. Recherches anatomiques sur les fractures du crane. Paris, 1873. 


(3) THoma, R. Untersuchungen ueber Schaedelwachstum. Virchows Arch. f. 
path. Anat., 223: 73, 1917. 

(4) Lennosséx, M. V. Ueber Metopism. Arch. f. Anthrop., 43 (N.F. 15): 1917. 

(5) ZuckerKANnbL, E. Beitrage zur Lehre des menschilchen Schadels. Mitth. 
d. Wiener anthropol. Ges., 4: 31, 1874. 

(6) Gretc, D. M. Oxycephaly. Edinburgh M. J., 33: 180, 1926. 

(7) Scuwa.se, G. Fonticulus metopicus. Anat. Ansz., 23:1, 1903. 

(8) Srtsen, A. E. Zur Pathologie der Schadelnathe. Virchows Arch. f. path. 
Anat., 301 : 287, 1938. 

(9) Reputcu, E. Epilepsie und Linkshandigkeit. Arch. f. Psychiat., 44: 59, 1908. 

(10) STerner, quoted from H. Oppenheim, Lehrbuch der Nervenkrankheiter, 2: 
1604. Berlin, 1913. 

(11) Hess, L. Heterochromia of iris. Arch. Ophth., 30: 93, 1943. 

(12) Brusurtexp, I. and W. Wyatt. Microcephalic children. Brit. J. Child. Dis., 
23: 265, 1926. 

(13) Pryor, J. W. Bilateral symmetry. Am. J. Anat., 58:87, 1936. 

(14) Park, E. A. and G. F. Powers. Acrocephaly and scaphocephaly. Am. J. Dis. 
Child., 20: 235, 1920. 

(15) Braus, H. Anatomie des Menschen, 1: 626, Berlin, 1929. 

(16) Bases, V. Ueber Gesichtsanomalien. Klin. Wohnschr., 41: 464, 1904. 

(17) Bremer, F. W. Status dysrhaphicus. Deutsche Ztschr. f. Nervenh., 95:1, 
1926; 99: 104, 1927. 

(18) Penrrecp, W. and I. S. M. Rosertson. Growth asymmetry. Arch. Neurol. 
& Psychiat., 50: 405, 1943. 

(19) Gowers, W. R. The brain in congenital absence of one hand. Brain, 1: 388, 
1879. 

(20) Lért, Anpré, and Joanny, JEAN. Une affection non décrite des os : hyperostose 
“en coulée” sur toute la longueur d’un membre ou “mélorhéostose.” Soc. 
méd. des hép., 46: 1141, 1922. 

(21) Lane, B. Ueber seltene Nasenmissbildungen. Virchows Arch. f. path. Anat., 
285 : 93, 1932. 

(22) Crouzon, C. Etudes sur les maladies familiales. Paris, 1929. 

(23) Martin, R. Lehrbuch der Anthropologie, 2: 861. Jena, 1928. 


The 


have 

of tl 

of th 

is of 

T 

309 1 

up of 

consi 

Two | 

clinic 
series. 

the pr 
the ge 

Pr 

tion o 

fundar 

is char 

respon 
i TI 

which 

and by | 


SEX DIFFERENCES IN PUBIC HAIR 
DISTRIBUTION 


BY C. W. DUPERTUIS, WILLIAM B. ATKINSON AND 
HERBERT ELFTMAN 


The Constitution Clinic of the Department of Medicine, and the Department of 
Anatomy, College of Physicians and Surgeons, Columbia University 


ae to the upper border of the pubes; a horizontal line “ 
——— =| termination has come to be regarded as feminine, one that 
is s pointed towards the umbilicus as masculine. Exceptions to this rule 
have been stressed by Risak (1930) and Rodecurt (1934) on the basis 
of their observations of clinical cases. A more extensive investigation 


of this subject, utilizing an adequate sample of the population, therefore, 
is of obvious value. 


METHOD AND MATERIAL 


The pubic hair pattern was studied in photographs of 1060 men and 
309 women’. The men were of two age groups. The first was made 
up of 964 college students, with an average age of 18 years. The second 
consisted of 96 clinical subjects, ranging in age from 30 to 40 years. 
Two comparable groups of women included 174 college students and 53 
clinical patients. Eighty-two pregnant women formed an additional 
series. Although all of these groups are selected, for the purpose of 
the present investigation they may be considered as valid samples of 
the general population. 

Preliminary examination of this material showed that the distribu- 
tion of pubic hair can be classified for practical purposes into four 
fundamental types, illustrated in Fig. 1. The first, or horizontal type, 
is characterized by terminating superiorly in a horizontal line. This cor- 
responds to the classical “feminine” distribution. The second, or sagit- 


1 The authors wish to express their appreciation for the parts of this material 
which were so kindly put at their disposal by Dr. H. C. Moloy of Sloane Hospital 
and by Dr. Harriet L. Hardy of Radcliffe College. 


- HE distribution of pubic hair has long been regarded as a . 
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tal type, resembles the first except for an additional linear upward ex- 
tension in the mid-line. The third, or acuminate type, corresponds to 
the classical “masculine” distribution, the upward extension being tri- 
angular in shape, pointing towards the umbilicus. In the fourth, or 
disperse type, hair is distributed over hn abdomen without eens a 


discrete geometrical pattern. 
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This classification is concerned with the character of the upper 
border of the pubic hair. There are numerous other features, such as 
the luxuriance of hair development, differential distribution in the genital 
region and degree of extension on to the thigh, which are of interest. 
Their inclusion in the present study would lead to undue complication. 


OBSERVATIONS 


The frequency with which the various types of pubic hair distribu- 
tion occurred in our series is summarized in Table 1. 

In addition to the classification of pubic hair pattern, approximate 
quantitative estimates were made of the degree of hirsutism exhibited 
by the anterior aspect of the thigh and the chest. In the original ob- 
servations, the amount of hair was recorded in three categories: sparse, 
moderate and dense. The data for the two series of males are presented 
in Table 2. In order to simplify the table, the moderate and dense 
categories have been combined into one, which is termed conspicuous. 
Data on thigh and chest hair were also obtained for the females, but 
due to their low degree of general hirsutism more extensive data would 
be necessary for significant correlations. 


DISCUSSION 


The frequency with which the horizontal type of pubic hair dis- 
tribution is encountered in the college age men is surprisingly high. At 
this age, 38.3 per cent of the men have a horizontal pubic pattern, while 
49.6 per cent have the acuminate type. Under these circumstances it 
is scarcely appropriate to call the horizontal pattern “feminine” and the 
acuminate “masculine.” In the older group of men, there is a decrease 
in the horizontal type to 16.7 per cent, the acuminate type remaining 
approximately constant at 52.0 per cent. It is particularly interesting 
to note that in the older group the disperse pattern appears in 29.2 per 
cent of the cases. This pattern is characterized by general hairiness of 
the suprapubic region and its appearance is correlated with the general 
increase in hirsutism with age. 

In contrast to the men, the pubic hair distribution in the women is 
preponderantly of the horizontal type. Only one female in ten exhibits 
the acuminate distribution, compared to five out of ten among the males. 
This frequency in the females is in fundamental agreement with tke 
data of Rodecurt (1934). 
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TABLE 1 
Pubic hair patterns 
(Frequencies given in per cent of each group) 


SAGITTAL ACUMINATE’ DISPERSE OF CASES 


HORIZONTAL 


18-year 38.3 12.1 49.6 0 964 
30-40 years 16.7 2.1 52.0 29.2 96 


18-year 89.1 1.7 9.2 o 174 
31-40 years 92.5 53 
_ Pregnant 86.6 13.4 82 


It is significant that the acuminate pattern is found as frequently in 
the series of pregnant women as in the other groups of females. There 
is consequently no indication of a correlation between fertility and pubic 
hair pattern. This again emphasizes the inadvisability of using the term 
“masculine” for the acuminate type of pubic hair distribution. 

Studies on the development of pubic hair (Priesel and Wagner, 
1930, and Greulich, 1942) have shown that the horizontal type appears 
in both sexes at puberty. It may consequently be regarded as the basic 
pattern from which the other types develop by upward extension. The 
retention of the horizontal distribution as the definitive type in most 
adult women seems to be a result of the general feminine characteristic 
of paucity of body hair rather than of a special factor affecting the 
pubic region. 

The correlation between the upward extension of pubic hair and 
the development of chest and thigh hair is apparent from the data pre- 
sented in Table 2. In the college series, 46 per cent of the men with 
sparse chest hair have a horizontal pattern of pubic hair, while only 5 
per cent of the individuals with conspicuous chest hair show this pubic 
hair pattern. The corresponding figures for the older group are 4I 
per cent and 7 per cent. Of the men in the college series who have only 
sparse hairiness of the thigh, 79 per cent exhibit the horizontal pubic 
pattern, compared with 28 per cent in the men with conspicuous thigh 
hairiness. The older men yield corresponding figures of 48 per cent 
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PUBIC HAIR DISTRIBUTION 


TABLE 2 


Hairiness of thigh and chest in men with different pubic hair patterns 
(Frequencies given in per cent of each age group) 


THIGH HAIR SPARSE THIGH HAIR CONSPICUOUS 
Chest hair Chest hair Chest hair Chest hair 
sparse conspicuous sparse conspicuous 


18 year mien 


and 8 per cent respectively. A similar tendency for the development of 
pubic hair patterns other than the horizontal in hirsute individuals is 
evident in the female series. 


General hirsutism is consequently an important, but not the only, 
factor determining pubic hair distribution. The tendency towards gen- 
eral development of hair exhibits itself earlier on the thigh than on the 
chest. Conspicuous thigh hair is present in 81 per cent of the college 
men and 77 per cent of our series of older men, but only 20 per cent of 
the college men had conspicuous chest hair, compared with 71 per cent 
in the older group. 


SUMMARY 


Pubic hair distribution has been examined in photographs of 1060 
men and 309 women. The classical division into “masculine” and 
“feminine” types is found to be unsatisfactory. An adequate classi- 
fication recognizes four types, designated as horizontal, sagittal, acumi- 
nate and disperse. The acuminate, or “masculine,” type is present in 
one-half of the men and one-tenth of the women. The horizontal, or 
“feminine,” pattern is the definitive type for nine-tenths of the women. 
It is also the basic type for male adolescents, is characteristic of 38 per 
cent of 18-year-old males, and persists in 17 per cent of the adult males. 
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Horizontal 15. 0. 22. I. 
Sagittal I. 0. 9. 2. 
Acuminate 3. 0. 30. 17. 

30-40 year men 

Horizontal 9. 2. 3. 3. 
Sagittal 0. o. 2. 
Acuminate 5. 5. II. 30. 
Disperse 0. 2. I. 27. 
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In males the decrease in frequency of the horizontal pattern with age is 
associated with increase in general hirsutism and is accompanied by the 
development of a disperse pubic hair pattern. 
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STUDIES IN THE PHYSICAL DEVELOPMENT 


V. 
THE OSSIFICATION TIME OF THE OS PISIFORME 


BY NICHOLAS MICHELSON 
Department of Anthropology, Columbia University, New York 


=] 1 seems that the variability for the appearance of the 
|| ossification centers of the carpals has not been fully explored 
| as yet on the basis of a large body of follow-up material 
—— according to race and socio-economic status. In point of 
fact, a different mean age at appearance is being reported by various 
investigators for one and the same ossification center. This can be il- 
lustrated by selecting one single carpal bone, for example, the pisiform. 

According to Flory (’36) a child who is accelerated in skeletal de- 
velopment is more likely to become pubescent early than an individual 
who is retarded in bony development; and, according to the same in- 
vestigator, the appearance of the pisiform occurs eight years before 
skeletal maturity, the appearance of the pisiform constituting a better 
predictor than either the ossification ratio or the total carpal area. For 
this reason more knowledge on the appearance of the pisiform is espec- 
ially indicated. 

My Negro material’ is scanty, and the age distribution of the cases 
in that series is uneven; therefore I have not calculated the mean age 
at appearance of the pisiform for Negroes. The earliest case among 
Negro girls occurred at 6 years and 9 months, and no absent os pisiforme 
was observed at 13 years of age. 

I have tabulated material obtained on economically underpriviledged 
white girls, followed up from 1935 to 1938 at the Mott Haven Clinic, 
New York City. Table 1 shows the results obtained on 180 cases. 

I found the appearance of the pisiform on the roentgenogram at 
the age of 5 years and 9 months in the earliest case; and at 12 years 
of age there was no absent ossification center among the white girls. 


* From the Harlem Hospital and the Mott Haven Clinic, New York City, N. Y. 
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TABLE 1 


Percentages for the presence and absence of the os pisiforme according to age, 
white females, 180 cases 


AGE PRESENT 


5 yrs. to 
5 yrs. 9 ms. 


5 yrs. 10 ms. to 
6 yrs. 9 ms. 
6 yrs. 10 ms. to 
7 yrs. 9 ms. 
7 yrs. 10 ms. to 
8 yrs. 9 ms. 
8 yrs. 10 ms. to 
9 yrs. 9 ms. 


9 yrs. 10 ms. to 
10 yrs. 9 ms. 


10 yrs. 10 ms, to 
II yrs. 9 ms. 


II yrs. 10 ms. to 
12 yrs. 9 ms. 


The actual time of appearance of the pisiform was calculated from 
consecutive plates taken about one year apart, on the same child. Straight 
line interpolation was used to determine the actual time of appearance. 
The first plate did not show the pisiform, and the second did. Twenty- 
one white girls showed the observed appearance of the pisiform, and 
the mean of these cases is 8 years and 7 months. 

Baldwin et al. (’28) stated that for white girls ossification was first 
found “at 7 years” and that all white girls showed ossification of the 
pisiform at 12 years. Baldwin’s material was obtained from a “good 
class.” Thus we see that the poor white population studied recently, 
shows about the same tempo of calcification of the pisiform as the 
economically better-to-do Iowa children had shown prior to the year 
1928. 

It seems that the calculation of the variability of the time of ossi- 
fication of the pisiform can only serve a useful purpose when we con- 
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sider it as a standard for one and the same type of population or, in a 
stricter sense, for a given series under study. 

In comparing my findings with, for example, those of Flory (’36) 
we note that he, too, found the presence of the pisiform among all the 
white girls at 12 years of age. However, the percentages show that the 
age of appearance of the pisiform is decidedly earlier in my series. 

I have applied the normal probability curve? to my material, to 
Flory’s material and, finally, to his and my data treated together. The 
results obtained are shown in Table 2. 


TABLE 2 


Mean age and standard deviation for the appearance of the 
os pisiforme, white girls 


MICHELSON AND FLORY 
COMBINED 


8 years 6 months 9 years 8 years 9 months 
+ I year 3 months + 1 year 3 months 


SUMMARY 


The mean age at appearance of the os pisiforme among economically 
underprivileged white girls who were observed from 1935 to 1938 in 
New York City, was 8 years 6 months + I year 5 months. 


* The technical procedure of applying the normal probability curve consists 
of plotting the percentages on probability paper and fitting a straight line to the 
points expressing the trend. On the 50% line the mean age is read off, on the 
84% line the age one standard deviation above the mean, and on the 16% line 
the age one standard deviation below the mean. In subtracting the mean age 
from the age one standard deviation above it, or by subtracting from the mean 
age the age one standard deviation below it, the standard deviation for the en- 
tire frequency distribution is obtained. 

The mathematical basis for this procedure is explained in a publication by 
Palmer, Klein and Kramer (’38) who determined by the application of the 
normal probability curve the mean age and standard deviation for the eruption 
of permanent teeth; and it is noteworthy that their results resemble those obtained 
by Hellman (’43) who derived his data from follow-up material and calculated 
the mean age and standard deviation by the traditional statistical method. 

The above described method of applying the normal probability curve yields 
valid results only when dealing with a normal frequency distribution. 
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The presence of the pisiform was 100 per cent at 12 years of age. 
However, the percentages show the age of appearance of the pisiform as 
earlier in the present series than in the populations studied by previous 
observers. This may be interpreted as a sign of accelerated physical de- 
velopment in the recent series. 

By applying the normal probability curve to my material combined 
with that of Flory, there was obtained for white girls the following 
mean age and standard deviation for the appearance of the os pisiforme: 
8 years 9 months + I year 3 months. 
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STUDIES IN THE PHYSICAL DEVELOPMENT 


VI. THE CHRONOLOGY OF PHYSIOLOGIC EVENTS 


BY NICHOLAS MICHELSON 
Department of Anthropology, Columbia University, New York 


HE rapid increase of the variability in physiologic events 
from the period of pregnancy up to death was pointed out 


years. While it was intended to cover the entire life cycle, the data had 
to be selected from the point of view of important land-marks occurring 
between birth and the time of senile decay. Since only statistically 
valid material could be considered herein, some of the consecutive phases 
of growth and aging could be shown for merely one sex. In general, 
the list of items compiled in this investigation discloses many a gap 
which must be accounted for by future research. 

The scanty data which are available for the American Negro were 
included in the table. 

SUMMARY 

The chronology of physiologic events and their variabilities in terms 
of years are presented. While listing the consecutive phases for the 
period between birth and death, the few available comparable data for 
the American Negro were also cited. 


TABLE 1 
- Chronology and variability’ of physiologic events in years 


MEAN AGE VARIABILITY 


1 Period of gestation (from Anderson et al. '43) 
2 Appearance of the os capitate, girls 

(Pyle et al. ’43) 0.19 
3 Appearance of the os capitate, boys 

(Pyle et al. ’43) 0.2 
4a Eruption of deciduous upper lateral incisors, 

boys (Boas ’27)* 1.33 
5a Eruption of deciduous upper lateral incisors, 
girls (Boas ’23) 


wn 


HUMAN BIOLOGY 


TABLE 1 
Chronology and variability’ of physiologic events in years 


FEATURES MEAN AGE VARIABILITY 


4b Eruption of deciduous upper lateral incisors, 
boys (Rabinow '42)* 0.87 
sb Eruption of deciduous upper lateral incisors, 
girls (Rabinow ’42) 0.99 
6 Total deciduous dentition, boys (Doering and 
Allen ’42) 2.33 
7 Total deciduous dentition, girls (Doering and 
Allen ’42) 
Eruption of left permanent lower central 
incisor, boys (Hellman ’43) 
Eruption of left permanent lower central 
incisor, girls (Hellman '43) 
Appearance of os pisiforme, white girls (Author) 
Maximum rate of growth, girls (Boas '40; 
standard variability) 
Appearance of pubic hair, boys (Boas ’40; 
value of probable variability) 
Eruption of left upper second molar, girls 
(Hellman ’43) 
Puberty, white girls (Author ’44) 
Eruption of left upper second molar, boys 
(Hellman '43) 
Puberty, Negro girls (Author ’44) 
Maximum rate of growth, boys 
(Boas ’40; standard variability) - 
Eruption of left lower third molar, females 
(Hellman °43) 
Eruption of left lower third molar, males 
(Hellman '43) 
Appearance of grey hair, white males 
(Boas and Michelson ’32) 
Calcification of first costal cartilage 60%, 
males (Boas ’40)* 
Calcification of first costal cartilage 60%, 
females (Boas ’40) 
Appearance of grey hair, Negro males 
(Boas and Michelson ’32) 
Menopause (Boas '40; standard variability) 
Death due to arteriosclerosis, males 
(Steinhaus ’32) 
Death due to arteriosclerosis, females 
(Steinhaus ’32)* 
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1 The variabilities listed in Table 1 are expressed as standard deviations, unless 
stated otherwise. When an item is given together with the note “the value of the 
probable variability,” one-half of the cases falls within the period limited by the 
average, minus and plus the amount which expresses the variability. When the 
term “standard variability” is m tioned, the variability is expressed as the mean 
square deviation from the average age. (Boas ’40) gave for the gestation period 
the following figures: standard deviation: .06, the value of the probable variabil- 
ity: .09, and the standard variability: .o4. 

? It will be noticed that there is a striking difference between the data of Boas 
and Rabinow for the deciduous dentition. Boas obtained his material from a 
poverty-stricken population (Boas ’23, ’27) and noted the developmental retarda- 
tion in that series. 

* The variability for the calcification of the first costal cartilage was calculated 
by Boas from the material presented by Michelson (’34). 

* Boas (’40) obtained in males for death due to arterial diseases the average 
age of 62.5 years + 8.80 (value of the probable variability). He also stated that 
death by arteriosclerosis had a variability exceeding seven years. However, in a 
private communication he expressed dissatisfaction with the type of source material 
available at the time when these calculations were made. 

There is a need for new data to be established in the light of research which 
must define the concept “Death due to arterial diseases” in strict scientific terms ; 
and the average age and variability for death caused by arteriosclerosis must be 
itemized as due to sclerosis of the coronary arteries or other arteries. 
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Bureau oF THE Census. Housing—Special reports. Washington, D. C. State 
of repair and plumbing equipment of dwelling units for city-size groups and 
rural areas: 1940. Series H-44, No. 4. Dec. 29, 1044. Pp. 5. 

5. Size of household and persons per room for dwelling units for city-size 
groups and rural areas: 1940. Dec. 30, 1944. Pp. 3. 

6. Heating, refrigeration, and lighting equipment, radio, and cooking fuel, for 
city-size groups and rural areas: 1940. Feb. 14, 1945. Pp. 5. 

Bureau or THE Census. The Labor Force Bulletin. Washington, D. C. Various 
issues as follows: 

1. Changes in the volume of unemployment, employment, and the size of the 
labor force. Mar. 1, 1943. Pp. 14. 

2. Changes in the civilian labor force, employment and unemployment. Apr. 
28, 1943. Pp. 14. 

3. Labor market changes between April 1940 and April 1943. June 17, 1943. 
Pp. 14. 

4. Who are the unemployed? Sept. 30, 1043. Pp. 15. 

5. Revision of labor force estimates. Nov. 1944. Pp. 26. 

Bureau or THE Census. State finances: 1943. Washington, D. C. Volume 2: 
Topical reports. 5. State alcoholic-beverage monopoly finances in 1943. Oct. 
1044. Pp. 6. 

Bureau or THE Census. State finances: 1945. Washington, D. C. Various issues 
of Volume 2, Topical reports, as follows: 

1. (Preliminary). State budgets for 1946 and 1947 bienrial and annual budgets 
presented to 1945 legislatures. Feb., 1945. Pp. 9. 
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3. (Preliminary). Balances in state general highway, and postwar-reserve 

funds in 1944. Feb., 1945. Pp. 7. 

RuKEYSER, MERRYLE STANLEY. The Quest for Economic Security through Guaran- 
teed Employment. U.S.A. (Privately printed), 1945. Pp. 24. 9 6 inches. 
[1 bibliographic footnote.] 

SoctaL Security Boarp, 8th Annual Report, Fiscal Year 1942-43. Washington 
(Govt. Printing Office), 1943. Pp. vi+ 100. 9% X 5% inches. 20 cents. 
Woorter, T. J., yx. Size of family in relation to family income and age of family 

head. Am. Soc. Rev., 9: 678-684, 1944. 
7. Education 

Craic, Geratp S. Science in Childhood Education. Practical Suggestions for 
Teaching, No. 8. New York (Teachers Coll., Columbia Univ.), 1044. Pp. 
vii + 86. 9 X 6 inches. $1.00 (cloth) ; 60 cents (paper). [Bibliographic foot- 
notes throughout.] 

Eapre, Georce S., and Witsurt C. Davison. Postwar medical education. J. A. 
Am. M. Coll., 20: 1-11, 1945. [Bibliography of 109 titles.] 

Harap, Henry, and Ray G, Price. A survey of recent developments in consumer 
education. J. Educ. Research, 38: 276-285, 1944. [7 bibliographic footnotes.] 

Hutt, Atsert W. Selection and training of students for industrial research. 
Science, 101: 157-160, 1945. 

Jounson, Harry C. The effect of instruction in mathematical vocabulary upon 
problem solving in arithmetic. J. Educ. Research, 38: 97-110, 1944. [7 biblio- 
graphic footnotes.] 

Ministry oF HEALTH, DEPARTMENT OF HEALTH FOR ScoTLAND. Report of the 
Interdepartmental Committee on Medical Schools. London (H.M. Stationery 
Office), 1944. Pp. 313. 954 X 6 inches. 4s 6d (paper). 

Scates, Douctas E. Research and progress in educational administration. J. 
Educ. Research, 38: 351-364, 1045. [48 bibliographic footnotes.] 

Tompson, M. E. Learning as a function of the absolute and relative amounts 
of work. J. Exper. Psychol., 506-515, 1944. [Bibliography of 13 titles.] 

Treacy, JoHNn P. The relationship of reading skills to the ability to solve arithmetic 
problems. J. Educ. Research, 38: 86-96, 1944. [Bibliography of 24 titles.] 

Zaprre, Frep C. Accomplishment of freshmen of the 1943-1944 sessions in the 

medical schools of the United States. J.A. Am. M.Coll., 19: 337-343, 1944. 


8. Ethnology, Cultural Anthropology, Travel and Exploration 


Apter, H. E. An architect’s notes on Soviet Turkestan. Man, 44: 129-134+1 
plate, 1944. 
Kisstinc, WERNER. House traditions in the outer Hebrides: the black house and 
the beehive hut. Man, 44: 134-140, 1944. [Bibliography of 9 titles.] 
Stevenson, H. N. C. The case for applied anthropology in the reconstruction of 
Burma. Man, 45: 2-5, 1945. 


IV. SOMATOLOGY AND CONSTITUTION 
1. Anatomy 
Latrmer, Homer B. The prenatal growth of the cat. XIV. The weight of the 
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skeleton in the fetal and in the adult cat. Growth, 8: 149-158, 1944. [Bibli- 
ography of 17 titles.] 

Latimer, Homer B. The prenatal growth of the cat. XV. The weight of the 
musculature in the fetal and in the adult cat. Growth, 8: 205-219, 1944. [Biblio- 
graphy of 17 titles.] 

Latimer, Homer B., and Hersert H. Virpen. A case of complete absence of the 

inferior vena cava. J. Kansas M. Soc., Oct. 1944. Pp. (of reprint) 3. [Bibli- 


ography of 6 titles.] 


2. Physical Anthropology and Anthropometry 


AnceL, J. Lawrence. A racial analysis of the ancient Greeks: an essay on the 
use of morphological types. Am. J. Phys. Anthrop., 2 (New ser.) : 329-376, 
1944. [Bibliography of 61 titles.] 

Hétrer, Georc. Einiges iiber Steinkeulenképfe und Steinbeile in Neuguinea. 
Anthropos, 35-36: 681-736 + 2 plates, 1944. [Bibliography of 123 titles.] 
MerepirH, Howarp V. Physical Growth from Birth to Two Years: I. Stature. 

A Review and Synthesis of North American Research for the Period 1850- 

1941. Univ. Iowa Studies: Studies in Child Welfare, Vol. XIX. Iowa City 

(Univ. Iowa Press), 1943. Pp. viii + 255 + appendix of 23 tables. 9x6 

inches. $1.50 (paper). 


V 
V. PHYSIOLOGY AND BIOCHEMISTRY 
1. Physiology 

Bucy, Paut C. [Ed.] The Precentral Motor Cortex. Jilinois Monographs in the 
Medical Sciences, Vol. IV, Nos. 1-4. Urbana (Univ. Illinois Press), 1944. 

Pp. xiv + 605. 1034 X 73% inches. $4.50 (paper). [Bibliography of 43 pages.] A 

MALHERBE, MARGUERITE, and T. OckerseE. Dental caries in a high and low incidence 
area in South Africa. A study of possible contributory factors with special 
reference to diet. S. African J. M. Sc., 9: 75-88 + 1 plate, 1944. [Bibliography B 
of 26 titles.] 

Wrex_, Dororny G. Recent findings on nutritional status of industrial workers. 

Milbank Mem. Fd. Quart., 22: 367-382, 1944. [Bibliography of 9 titles.] B 

Yaciou, Constantin P. Air conditioning for human comfort and health. J. A. 

Am. M. Coll., 19: 329-336, 1944. [Bibliography of 15 titles.] 

Youmans, Joun B., E. Waite Patton, W. R. Sutton, Kern, and Ruta 
SternKaMpP. Surveys of nutrition of populations. 4. The vitamin D and Be 
calcium nutrition of a rural population in middle Tennessee. Am. J. Pub. 

Health, 34: 1049-1057, 1944. [Bibliography of 5 titles.] Be 
2. Senescence, Senility and Longevity 

(Vacant) Bi 

Bi 


3. Biochemistry 


Jacoss, Morris B. [Ed.]. The Chemistry and Technology of Food and Food 
Products. Vol. II. New York (Interscience Publishers, Inc.), 1944. Pp. 


I 
Br 


Se 


RECENT LITERATURE 161 


+890. 9% X 6% inches. [Bibliographic footnotes throughout.] 

Luu, R. D. The Deterioration of Romanovsky Stain Solutions in Various 
Organic Solvents. Purification of the Thiazins and Spectra of Purified Dyes. 
Spectroscopic Data on Paired Mixtures of Purified Thiazins and on Commer- 
cial Thiazins. Pub. Health Rep. Supp. No. 178. Washington (Govt. Printing 
Off.), 1944. Pp. 24. 9% X 6 inches. 10 cents. [Bibliography of 12 titles.] 

McCuure, F. J. Fluoride domestic waters and systemic effects. I. Relation to 
bone-fracture experience, height, and weight of high school boys and young 
selectees of the armed forces of the United States. Pub. Health Rep., 59: 1543- 
1558, 1944. [Bibliography of 42 titles.] 

McCuure, F. J. Fluoride domestic waters and systemic effects. Ii. Fluorine 
content of urine in relation to fluorine in drinking water. Pub. Health Rep., 
50: 1575-1591, 1944. [Bibliography of 28 titles.] 

Ratner, Bret. Allergy, Anaphylaxis and Immunotherapy. Basic Principles and 
Practice. Baltimore (Williams and Wilkins Co.), 1943. Pp. xi + 834. 9x6 
inches. $8.50. [Bibliography of 56 pages.] 

RourRMANN, EwAtp, and H. A. Aminoalkanes as pressor substances. J. 

Am. Chem. Soc., 66: 1516-1520, 1944. [13 bibliographic footnotes.] 


4. Pharmacology 


Warinc, Antonio J., yr., and Marcaret H. D. Smitu. Combined penicillin and 
sulfonamide therapy in the treatment of pneumococcic meningitis. J. A. M. A., 
126: 418-424, 1944. Pp. (of reprint) 18. [Bibliography of 5 titles.] 


VI. PATHOLOGY, CLINICAL MEDICINE AND SURGERY 


Anperson, CHARLES R. Experimental typhus infection in the Eastern cotton rat 
(Sigmodon hispidus hispidus). J. Exper. Med., 80: 341-356, 1944. [Bibli- 
ography of 11 titles.] 

Be.trAn, ENRIQUE. Resultados comparados de diversos metodos para el diagnostico 
de protozoarios intestinales. Rev. d. Inst. salub. y enferm. trop., 5: 175-184, 
1944. [Bibliography of 16 titles.] 

BettrAn, Enrique and Rati Larenas M. Resultado de 489 examenes protozoo- 
logicos de materias fecales, en fresco, realizados en el Instituto de Salubridad 
y Enfermedades Tropicales. Rev. d. Inst. salub. y enferm. trop., 4: 323-326, 
1943. [Bibliography of 3 titles.] 

Boyp, Mark F. On the parasite density prevailing at certain periods in vivax 
malaria infections. J. Nat. Malaria Soc., 3: 159-167, 1044. 

Boyp, Mark F., and S. F. Krtcnen. Renewed clinical activity in naturally in- 
duced vivax malaria. Am. J. Trop. Med., 24: 221-234, 1944. [Bibliography 
of 6 titles.] 

Brooke, M. M. Effect of dietary changes upon avian malaria. Am. J. Hyg., 41: 
81-108, 1945. [Bibliography of 29 titles.] 

Burrows, Sytvia M. Wacner, and ApaLine N. Mater. The endo- 
toxin of the cholera vibrio: action on living semipermeable membranes. Proc. 
Soc. Exper. Biol. and Med., 57: 311-314, 1944. [8 bibliographic footnotes.] 

Burrows, ADALINE N. MaTHer, M. Wacner, and Vircrnra G. 
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McGann. The endotoxin of the cholera vibrio: immunological properties, 
Proc. Soc. Exper. Biol. and Med., 57: 308-311, 1944. [9 bibliographic foot- 
notes. ] 

Byrrecp, Grorce V., et al. Tick-borne tularemia. J.4.M.A., 127: 191-196, 
1945. [17 bibliographic footnotes.] 

Coresroox, Leonarp, et al. Studies of Burns and Scalds (Reports of tiic Burns 
Unit, Royal Infirmary, Glasgow, 1942-43). London (H. M. Stationery Office), 
1944. Pp. 210+ 4 plates. 914 X 6 inches. 4s (paper). [Bibliographies at the 
end of each part.] 

CoMMIssIon ON AcuTE Resprratory Diseases. Cold hemagglutinins in primary 
atypical pneumonia and other respiratory infections. Am. J. Med. Sci., 208: 
742-750, 1944. [Bibliography of 9 titles.] 

Eacie, Harry. The treatment of early and latent syphilis in nine to twelve weeks 
with triweekly injections of mapharsen. A preliminary analysis of the results 
in the first 4,823 cases. J. A.M. A., 126: 538-544, 1944. [6 bibliographic foot- 
notes. 

Eaton, Monroe D., and Wimi1am Van Hericx. Demonstration in cotton rats 
and rabbits of a latent virus related to pneumonia virus of mice. Proc. Soc. 
Exper. Biol. and Med., 57: 89-92, 1944. [5 bibliographic fcotnotes.] 

Eppy, Watter H. and Gripert Datiporr. The Avitaminoses: The Chemical, 
Clinical and Pathological Aspects of the Vitamin Deficiency Diseases. 3rd ed. 
Baltimore (Williams and Wilkins Co.), 1944. Pp. xi+ 438. 9 X 6 inches. 
$4.50. [Bibliography of 31 pages.] 

FrrepeEwaALp, Witu1AM F. Adjuvants in immunization with influenza virus vac- 
cines. J. Exper. Med., 80: 477-491, 1944. [Bibliography of 22 titles.] 

Hackett, L. W. Spleen measurement in malaria. J. Nat. Malaria Soc., 3: 121- 
133, 1944. [Bibliography of 4 titles.] 

Harpy, Avsert V., and James Wart. Studies of the acute diarrheal diseases. 
XII. Etiology. Pub. Health Rep., 60: 57-66, 1945. [Bibliography of 8 titles.] 

Hopes, Horace L., James F. Zrecter, and Heren D. Zepp. Development of 
antibody following vaccination of infants and children against pneumococci. 
J. Pediat., 24: 641-649, 1944. Pp. (of reprint) 11. [Bibliography of 7 titles.] 

Howe, Howarp A., and Davip Bopran. Poliomyelitis by accidental contagion in 
the chimpanzee. J. Exper. Med., 80: 383-390, 1944. [Bibliography of 8 titles.] 

Jounson, Haratp N. Natural occurrence of tularemia in dogs used as a source of 
canine distemper virus. J. Lab. and Clin. Med., 29: 906-915, 10944. [Bibli- 
ography of 11 titles.] 

Kasat, HerMAN. Studies on neuromuscular dysfunction. I. Neostigmine therapy 
of neuromuscular dysfunction resulting from trauma. II. Neostigmine therapy 
of hemiplegia, facial paralysis and cerebral palsy. III. Neostigmine therapy 
of chronic rheumatoid arthritis and subacromial bursitis. Pub. Health Rep. 
59: 1635-1650, 1944. [Bibliography of 6 titles.] 

Koun, Louris Wrinrtetp. Your Digestive System. Philadelphia (The New Home 
Library, Blakiston Co.), 1944. Pp. xiii + 272. 8 x 53% inches. 60 cents. 
Menrcat Researcn Councit (CoMMITTEES ON TRAUMATIC SHOCK AND ON BLOOD 
TRANSFUSION, IN CO-OPERATION WITH THE ARMY MepIcaL Service). [In- 
structions produced by the]. The Treatment of “Wound Shock.” London 
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(H. M. Stationery Office), 1944. Medical Research Council War Memorandum 
No. 1 (2nd ed.) Pp. 32. 9% X 6 inches. 6d (paper). 
‘Peck, FRANKLIN B., and Cartes V. Sace. Diabetes mellitus associated with 


6, Albright’s syndrome (osteitis fibrosa disseminata, areas of skin pigmentation, 
and endocrine dysfunction with precocious puberty in females). Am. J. Med. 

is Sci., 208: 35-46, 1944. [Bibliography of 19 titles.] 

), Powett, H. M. Epidemic influenza vaccine and antiserum. Proc. Indiana Acad. 

ne Sci., 53: 50-52, 1944. [1 bibliographic reference.] 

Roca-GarctA, Manuet. The isolation of three neurotropic viruses from forest 
ry mosquitoes in Eastern Colombia. J. Infect. Dis., 75: 160-160, 1944. [7 biblio- 
graphic footnotes.] 

RoseMBeRG, Davip. Tratamento cirorgico da ulcera gastro-duodenal. Rev. paulista 
ks de med., 25: 73-82, 1944. [Bibliography of 14 titles.] 

Its Tuompson, Paut E. Changes associated with acquired immunity during initial 

ot- infections in Saurian malaria. J. Infect. Dis., 75: 138-149, 1944. [Bibli- 
ography of 16 titles.] 

ats T’unc, Ts’un. Experimental production and chemoprophylaxis of Corynebacterium 

oc. diphtheriae infection in the chick embryo. Am. J. Hyg., 41: 57-80+ 1 plate, 
1945. [Bibliography of 33 titles.] 

-al, VascuLar InyurtES SuB-COMMITTEE OF THE MepicaL ResearcH CounciL War 

ed. Wounps Committee. Arterial Injuries. Early Diagnosis and Treatment. 

res. Medical Research Council, War Memorandum No. 13. London (H.M. Sta- 
tionery Office), 1944. Pp. 24. 95% X 6 inches. 4d (paper). 

ac: Von Oetrincen, W. F., et al. Toxicity and Potential Dangers of Aerosols, Mists, 
and Dusting Powders Containing DDT. Pub. Health Rep., Suppl. No. 177. 

a1- Washington (Govt. Printing Office), 1044. Pp. 32. 9 X 5% inches. 5 cents 
(paper). [Bibliography of 26 titles.] 

ot, Wamp er, Frep J. The Principles and Practice of Industrial Medicine. Baltimore 

es] (Williams and Wilkins Co.), 1943. Pp. xiv+ 579. 8% X 5% inches. $6.00. 

of Watson, Rosert F., Rorusarp, and Homer F. Swirt. The use of peni- 

di. cillin in rheumatic fever. J.A.M.A, 126: 274-280, 1944. [11 bibliographic 

footnotes. ] 

at Wess, Paut. Biological research strategy and publication policy. Science, 101: 

tes 101-104, 1945. [1 bibliographic footnote.] 

a Wotrson, Fruma. An experimental study of mixed infections with Plasmodium 

bli cathemerium and Plasmodium lophurae in ducks. Am. J. Hyg., 41: 123-135, 
1945. [Bibliography of 13 titles.] 

Youns, J. H. Caesarean Section: The History and Development of the Operation 
rapy from Earliest Times. Foreword by Miles H. Phillips. London (H. K. Lewis 
rapy and Co., Ltd.), 1944. Pp. viii+254. 8% 5% inches. 16s. [Bibliographies 
rap with each chapter.] 

Rep., 

Jome VII. METHODOLOGY 

1. Mensurational and Observational 

= BricHAM, Grorce D. and Ipa A. Benctson. A study of the complement fixation 


and Weil-Felix reactions in wild rats as related to the isolation of the virus 
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of endemic typhus. Pub. Health Rep., 60: 29-46, 1945. [Bibliography of 23 
titles.] 

Burrows, Wi1tt1AM. The endotoxin of the cholera vibrio: isolation and properties, 
Proc. Soc. Exper. Biol. and Med., 57: 306-308, 1944. [10 bibliographic foot- 


notes. ] 
Jounson, Haratp N. Isolation of Bacterium tularense from the sputum of an 
atypical case of human tularemia. J. Lab. and Clin. Med., 29: 903-905, 1944. 
Pp. (of reprint) 4. [Bibliography of 6 titles.] 
Ricxarp, E. R., Mrnnre THicpen, and James H. Crowtey. The isolation of in- 
fluenza A virus by the intra-allantoic inoculation of chick embryos with 
untreated throat-washings. J. Immunol., 49: 263-271, 1944. [Bibliography 
of 10 titles.] 


2. Mathematical and Statistical 


Fisuer, R. A. Statistical Methods for Research Workers. 9th ed., revised and 
enlarged. Edinburgh and London (Oliver and Boyd, Ltd.), 1944. Pp. xv+ 
350. 854 X 5% inches. 16s. [“Sources of Data and Methods” of 4 pages; 
bibliography of 10 pages.] 

HAnsEN, Morris H., and Witt1am N. Hurwitz. A New Sample of the Popula- 
tion. Sampling Principles Introduced in the Bureau’s Monthly Report on the 
Labor Force. Washington (Govt. Printing Off.), Sept. 1944. Pp. 6. 10% 

xX 8 inches (paper). [2 bibliographic footnotes.] 


3. Other and General 


Bates, Marston. Notes on the construction and use of stable traps for mosquito 
studies. J. Natl. Malaria Soc., 3: 135-145, 1944. 

Buck, TuHeopore C., yr., and EMaNnuet Kapran. A sterile cutting device for 
swab vial outfits utilizing wood applicators. J. Milk Tech., 7: No. 3, 1044 
[Bibliography of 5 titles.] 

GrirFitts, JaMes J. Laboratory method of determining the potency of typhoid 
vaccine. Pub. Health Rep., 59: 1515-1528, 1944. [Bibliography of 14 titles. 

Howe, Howarp A., and Davip Bopran. The efficiency of intranasal inoculation 
as a means of recovering poliomyelitis virus from stools. Am. J. Hyg., 40: 
224-226, 1944. [Bibliography of 4 titles.] 

Wess, Lucite J. Application of the electron microscope to biological research. 

Proc. Indiana Acad. Sci., 53: 53-54, 1944. 


VIII. GENERAL AND MISCELLANEOUS 


Bureau or THE Census. Cities Supplement—Statistical Abstract of the United 
States. Selected Data for Cities Having 25,000 or More Inhabitants in 1940. 
Washington (Govt. Printing Office), 1944. Pp. ii+ 47. 11% X 9% inches. 
15 cents (paper). 

Faust, Ernest Carrott. Some biological interrelationships. Am. Scientist, 33: 
13-32, 1944. [Bibliography of 51 titles.] 

Gray, E. R. [Prepared under the supervision of]. Governmental Units in the 
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United States 1942. Washington (Govt. Printing Office), 1944. Pp. iv + 
67. 11% X 9% inches. 20 cents. 

Greenwoop, Mayor. Mr. Shaw on doctors. Brit. Med. J., 2: 570, 1944. Pp. (of 
reprint) 5. 

Keene, E. A. and S. F. Licut. Results of Feeding Ether Extracts of Male Sup- 
plementary Reproductives to Groups of Nymphal Termites. Univ. of Cali- 
fornia Publications in Zoology, 49: 283-290, 1944. Berkeley and Los Angeles 
(Univ. Calif. Press), 1944. 10% X 6% inches. 25 cents (paper). [Bibli- 
ography of 7 titles.] 

Sysop, Geneva [Compiled by]. American Foundations and Their Fields. V. 
New York (Raymond Rich Associates), 1942. Pp. vi+274+1 table. 9% 
X 6% inches. $5.00. 

Stone, M. H. American mathematics in the present war. Science, 100: 529-535, 
1944. 


quito 
for 

1944. 

tles.] 

ation 

40: 

arch. 

Inited 

1940. 

nches. 

t, 33: : 
n the 


